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QUANTITATIVE ASPECTS OF THE EVOLUTION OF 
CONCEPTS’ 


INTRODUCTION 


The functional and quantitative aspects of the evolution of 
concepts are at present in about the same state as were corre- 
sponding aspects of memory when Ebbinghaus published his 
monograph on that subject in 1885. This is true in spite of a 
very considerable activity on the part of experimenters in the 
held of the higher mental processes within recent years. The 
problem of generalizing abstraction has itself been directly at- 
tacked a number of times, notably by Moore (8) in 1905, by 
Grinbaum (2) in 1906-07, and by Miss Fisher (7) in 1912-13. 
But in every case the studies have been largely introspective in 
method, analytic in purpose, and qualitative in result. The 
functional and quantitative aspects of the problem remain almost 
untouched. 

The reason for such a condition is of course not far to seek. 
It lies in the great complexity of the process involved. - Where 
many factors must be cooperating nearly or quite simultaneously 
within a single living process, it is not easy to keep all of them 
constant except one and at the same time to vary that one so as 
to make a direct quantitative comparison of the results of the 
several phases of its variation. Difficulty or ease of solution of 
a problem is, however, often largely an expression of the eff- 


ciency of the methods and technique available. Memory which 


had previously resisted the.efforts of psychologists, became rela- 
tively accessible after Ebbinghaus invented a suitable method. 
It is hoped that the quantitative aspects of the evolution of con- 
cepts will ultimately yield to a similar technique. The present 
study is an effort to elaborate such a technique and to apply it 
to a number of the characteristic quantitative problems concerned 
with the evolution of concepts. 


1 Offered in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, University of Wisconsin, 1918. 
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The work began in 1912 with a year of preliminary experi- 
mentation in the Psychological Laboratory of the University of 
Michigan. This was continued the following year at the Eastern 
Kentucky State Normal School. In 1914 the work was trans- 
ferred to the Psychological Laboratory of the University of Wis- 
consin, where the problem and technique soon took on their final 
form and where the work was continued until the spring of 
1918. A preliminary report containing a description of the gen- 
eral technique and the results from a few subjects was submit- 
ted to the University of Wisconsin as a Master’s thesis in 1915. 
An abstract of this work was also presented in a paper before 
the Chicago meeting of the Psychological Association of that 
year, together with a demonstration of an imperfect model of 
the apparatus used. 
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ANALYSIS OF THE EXTERNAL CONDITIONS UNDER 
WHICH CONCEPTS ARE EVOLVED" 


For the results of a psychological experiment to be taken as 
characteristic of any actual life-process, it is obvious that the 
experiment must duplicate all of the conditions essential to that 
process. In comparatively simple processes especially where 
much is already known concerning them, the difficulty of de- 
termining in advance what are the essential characteristics, is not 
excessive. But in a highly complex and imperfectly known pro- 
cess such as that by which concepts are evolved, it may fairly be 
said to be great. Theoretically, perhaps the only way to decide 
positively whether a given factor is influential or not is to de- 
termine experimentally whether any different result is obtained 
in cases where all possibile factors are included as compared with 
cases where all except this one are included. And for similar 
reasons, in the absence of such experimental determination with 
all other factors equal, the more completely the conditions of the 
life-process are duplicated in the experiment, the greater the prob- 
ability that the results of the experiment will be true of the par-_ 
ticular life-process. It is consequently incumbent on us at thee 
very outset of such an investigation to make as complete andy 
careful an analysis as possible of the external conditions which. 
precipitate and condition the process in question. 

No doubt concepts may be evolved in many different waysy 
(10) just as associative learning may be performed in many 
different ways.({ But the evolution of concepts or generalizing 
abstraction, being a distinctly more complicated process, may 
reasonably be expected to present a considerably greater variety 
of forms. Some of these are comparatively simple, while others 
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1The customary historical survey is omitted here chiefly because of the 
paucity of material bearing upon our present problem. Contact is made with 
various studies in the course of the monograph, in the most appropriate 
connections. 
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+ CLARK L. HULL 


are extraordinarily complex. One of the simplest and most prim- 
itive types of generalizing abstraction may be illustrated by the 
following experiment. 

The writer held a lighted white paraffine candle in an other- 
wise dark room, about a foot from the face of a lively child of 
sixteen months. The child soon put her hand forward into the 
flame and extinguished it. When the candle was lighted again 
a moment later, she shrank away from it with a characteristic 
turning-away of the head, a peculiar facial expression and a 
drawing back of the hands against the sides of the body. The 
next day she was held up to an 8 C.P. glowing electric light bulb 
hanging from a cord. She had been fond of playing with this 
under similar circumstances for some weeks. But now she re- 
fused to touch it, responding with a similar turning-away of the 
head, the peculiar facial expression and the drawing back of the 
hands against the sides of the body as in the candle experiment. 
A moment later when the current was turned off and the bulb 
was no longer luminous but still warm, she took it in her hands 
as readily as ever. This was repeated several times on the fol- 
lowing day with uniform results. Record was made on the same 
day. 

Assuming that the candle experience was the cause of the 
changed reaction to the electric light bulb, it is evident that a 
“reaction has been transferred from the former to the latter, pre- 


~ sumably through the identical element of luminosity. The mere 
“abstraction of this element from the gross complex of the candle 
“situation resulted simply from the superior attention value of 

the brightness. The generalization resulted from a major asso- 
*ciative bond being formed between the luminosity and the re- 


action of withdrawing. The changed reaction to the luminous 
lamp merely made outwardly manifest the generalizing abstrac- 
tion which had already taken place. 

A second characteristic type of generalizing abstraction 1s in- 
volved in the so-called inductive “‘steps’’ of formal instruction 
originated by Herbart. These briefly summarized are: 

1. The subject is presented with a number of experiences, 
either simultaneously or in succession, each of which contains a 
certain characteristic common to the others. 
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2. The subject is brought to compare deliberately the various 
situations presented with a view to discovering similarities and 
differences among them. 

3. Lastly the significant element common to all the experiences 
is deliberately sought out, found, and formulated in language. 

Here the process is much more elaborate than the type pre- 
viously described: a linguistic reaction replaces the protective; 
more than one concrete situation is used as a basis of the process ; 
the act of generalization becomes for the subject a deliberate 
task, and largely an end in itself. The process has strong ele- 
ments of artificiality, as will be pointed out in connection with 
the third and “standard” type of generalizing abstraction to be 
described presently. This of course implies nothing as to the 
usefulness of the “steps’’ as a method of instruction. 

The third will be called the “standard” method of generalizing 
abstraction because it is believed to be the method by which the 
great majority of actual concepts are evolved. It is conse- 
quently the method which is made the basis of the experimental 
investigations to be described later and for that reason will be 
analyzed in mucl¥ fuller detail than the others. In schematic 
outline the external factors conditioning this process may be 
briefly stated as follows :(A young child finds himself in a cer- 
tain situation, reacts to it by approach say, and hears it called 
“dog.” After an indeterminate intervening period he finds him- 
self in a somewhat different situation, and hears that called 
“dog.” Later he finds himself in a somewhat different situation 
still, and hears that called “dog” also. Thus the process con- 
tinues. The “dog” experiences appear at irregular intervals. 
The appearances are thus unanticipated. They appear with no 
obvious label as to their essential nature. This precipitates at 
\each new appearance a more or less acute problem as to the 

proper reaction. This problem largely monopolizes the focus of 
consciousness. Meantime the intervals between the “dog”’ ex- 
periences are filled with all sorts of other absorbing experiences 
which are contributing to the formation of other concepts. At 
length the time arrives when the child has a “meaning”’ for the 
word dog. Upon examination this meaning is found to be actu- 
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ally a characteristic more or less common to all dogs and not 


common to cats, dolls and “teddy-bears.” But to the child the - 


process of arriving at this meaning or concept has been largely 
unconscious. He has never said to himself, “Lo! I shall proceed 
to discover the characteristics common to all dogs but not en- 
joyed by cats and ‘teddy-bears’.” The formation of the con- 
cept has never been an end deliberately sought for itself (7, 204). 
It has always been the means to an end—the supremely absorb- 
ing task of physical and social reaction and adjustment. Such in 
brief is our “standard” or normal type of concept evolution. 

It will be convenient at this point to consider the methods fol- 
lowed by the three experimenters who have attacked the prob- 
lem of generalizing abstraction. According to our preceding 
analysis, all of them fall considerably short of fulfilling the con- 
ditions for the evolution of concepts, as it usually takes place in 
ordinary life.* This is particularly true of the studies of Moore 
and Grinbaum. 

Moore’ presented to his subjects in rapid succession, by means 
of a Ranchberg memory apparatus, groups of nonsense charac- 
ters. One-fourth second was given to each exposure with a 
blank period of equal length between. Each group contained 
five distinct characters arranged in a horizontal row. One char- 
acter was the same in all the groups, all the other characters dif- 
ferent. The subjects were directed to determine as quickly as 
possible whether there was any common element in the series, 
and to terminate the series of exposures by pressing a key the 
instant this was realized. The subjects were then directed to 
report the recollection of their mental states during the process, 
particularly as to the nature of the common element found and 
the other characters seen. 

Griinbaum (2) modified the method of Moore somewhat. He 
presented to his subjects simultaneously within a single visual 
field, two groups of simple distinct characters. One character 
was alike in each of the two groups, all the others different. The 


2 Their findings so far as they apply to the present study, will be consid- 
ered as occasion arises. 
3 Op. cit. 
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two groups of characters were separated by a diagonal line. The 
exposures were for three seconds. The subjects were directed to 
first find the character common to the two groups as quickly as 
possible and then to examine the other characters during the re- 
mainder of the exposure. The subject then reported the nature 
of the character found, his recollection of the process of finding, 
and any other characters which he could remember. 

In the first place, at least for an adult, the groups used by both 
the above experimenters must have contained an extremely weak 
unity even where the exposures were as brief as those used by 
Moore. The role of language in the process is utterly ignored, 
and the problem and reaction aspects are lacking in the sense in 
which they appear in the normal process. Moreover the gen- 
eralizing is made a deliberate task instead of being incidental. 
Lastly there is the extreme brevity of the total process. Some 
of Moore’s experiments average from four to six seconds, and 
Griinbaum’s less than three seconds per generalization! 

Miss Fisher (7) presented to her subjects visually in succes- 
sion, complicated unitary nonsense forms containing common 
elements. The exposures were three seconds each, and there 
were ten forms in each series. Beneath each form of the series 
was printed conspicuously the same nonsense name. ‘The sub- 
jects were told that at the end of the series they would be called 
upon to define the group name. Elaborate introspections were 
taken frequently throughout the process. Here we have a some- 
what closer approximation to a bona fide process of concept evo- 
lution. Its approximation is to the distinctly artificial type ex- 
emplified by the Herbartian formal “steps” however, rather than 
to the process as it takes place spontaneously in ordinary life. 
Her experiences are ideally unitary. She partly recognizes the 
role of language, though its guiding function in generalization 
(II, 11; 14, 149 ff. especially 161) is not realized any more 
than in the Herbartian “‘steps.” Just as there, the mind of the 
subject is still tingling with the impression of the last experience 
when a new one of the same kind appears. The general nature 
of each new experience is known before it is presented. There 
consequently never exists any problem for the subject to dis- 


TRAST LONE. eT BaF 6 MOS " 
<a eae 
} « by ad 


TS ey 
a Ay 3 ns wee 





























Gee eel pe a ie ¢ 
Mea oe as 


vee pm nents i Bo te a 

lace Io ede ate aaa 

EA att eee tae si on Veg ‘ 
Fi 5 


* 


’ 


me 
; cae Picasntibends nate shat AER he AO 8 


Ve pane 


Re OP, 4 Se 


OB: an af Ge 
nh > 


ses : 
ney oo 7 
sheet aes 


ree oie Soe 
ain ergot 
tot De ee s 
+. ’ , 


acme 





eee aes 
ne ee Sa A 


- eaten 
on fs ee: 


> = —" o 2 HS orn 
RR I pe A eS 
5, RT Se EC RE a a 
f 





8 CLARK L. HULL 


cover a suitable reaction to the situation as such. As a further 
consequence, he does not utilize the results of his partial gen- 
eralizations in coping with the succeeding situations. The prob- 
lem so far as any exists is only a pseudo problem—that of de- 
liberately and self-consciously discovering common elements. It 
is difficult to say what influence her constant and elaborate intro- 
spections had upon the process, though it is safe to assume that 
such an amount of irrelevant mental activity was not without 
its effect. 
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THE EFFICIENCY OF EVOLVING CONCEPTS BY PRO- 
CEEDING FROM THE SIMPLE TO THE COMPLEX 
& 


EXPERIMENT A 
Problem 


The first problem which we shall consider arises from the fa- 
miliar educational injunction to “proceed from the simple to the 
complex.’ We shall try to determine experimentally how far 
this method justifies its reputation when applied to the evolution 
of concepts. How much if any more economical is it to evolve 
a concept by experiencing first the simpler concrete examples 
from which it is to be abstracted and proceeding progressively to 
the more complex and difficult examples, over an opposite order. 
In symbols, if the concept x is to be evolved from the series of 
concrete examples: 

ax, bex, defx, ghijx, klmnox, pqrstux, 
is it more or less efficient to experience the examples in the 
simple-to-complex order (reading from left to right) or to ex- 
perience them in the reverse or complex-to-simple order ? 


Technique 

The general conditions under which concepts are ordinarily 
evolved have been roughly suggested in the last chapter. We 
must now formulate them more exactly and translate them into 
terms of experimental technique. 

1. The subject must be presented with a large number of uni- 
tary experiences cach distinct from the rest. 

The basis for such a series of visual experiences was supplied 


by the 144 Chinese characters shown in Plate I. These char- ’ 


acters were taken from a Chinese dictionary, and freely adapted 
to the present purpose wherever deemed necessary. They were 
drawn with great care in black ink upon cards two inches long 
and one inch wide. The characters thus prepared were presented 
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} to the subject one after another by means of a specially con- 
structed apparatus. 
This device somewhat resembled the drum form of Wirth 
memory apparatus. The slips on the drum held twelve cards. 
The periodic movements of the drum were controlled automatic- 
ally and exactly by a simple pendulum clockwork which was 
built into the apparatus. By means of a special form of cam 
this clockwork released the drum at periods varying anywhere 
from one to six seconds as desired. Throughout the present 
study a uniform exposure-time of five seconds was employed. 
The movements of the pendulum were concealed from the sub- 
ject by a screen of cardboard attached to the table upon which the 
} apparatus rested. The sound of the ticking of the clockwork 
was reduced to that of an ordinary clock by an elastic escape- 
ment of special shape. In addition this escapement was at- 
| tached to the pendulum by means of a piece of rubber which ab- 
: sorbed the greater part of the remaining vibration. When 
wound the apparatus would continue giving exposures accurately, 
of the required length and without any attention whatever from 
‘ the experimenter for a period of from 40 to 50 minutes. The 
accurate automatic feature of the device was of the greatest 
value throughout the experiment. Indeed owing to the neces- 
sarily complex duties of the experimenter while the experiment 
was in progress, the study could not have been carried on with- 
out it. 

2. Each one of these unitary experiences must require a defi- 
nite reaction from the subject at each presentation. 

This requirement was satisfied by having the subject respond 
to each character as it appeared by speaking a particular nonsense 
syllable. 

3. The reaction required must be identical for each individual 
within limited groups of experiences. The resulting groups must 
be numerous. 

This requirement was satisfied by having each of the twelve 
characters of the first horizontal row in Plate I (Series A) re- 
acted to by speaking the word “6d,” the next row of twelve by 
speaking “yer” and so on. Thus each horizontal row of char- 
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Piate II. Exposure AppaArATus.—P, pendulum with adjustable bob. Es, 
elastic escapement. C”, cam attached to the escapement shaft. This cam 
controls by the rod R a secondary escapement (not shown by this view) 
which engages pins set in the farther end of the drum. This escapement re- 
leases at equal intervals of time, permitting the drum instantly to turn one 
twelfth of a revolution. C’ is a second cam which may be used to secure 
movements of the drum at intervals of time one half as great. W’ and W” 
are lead weights which drive the clockwork and the drum respectively. The 
drum has at equal intervals on its surface, twelve pairs of shallow grooves 
in which cards bearing characters are placed for successive exposure at the 
window. One of the characters is shown at the window as viewed by the 
subjects in experiments A to I. 
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acters constituted a separate reaction-group. There were twelve 
such groups in all, which are regarded as sufficiently “numerous” 
to satisfy the technical requirements of the experiment. 

The twelve syllables used were pronounced as follows: 66, yér, lé, ta, dég, 
ling, hui, chiin; v6, na, néz, fid. 

4. All of the individual experiences which require a given re- 
action, must contain certain characteristics which are at the same 
tume common to all members of the group requiring this reaction 
and which are NOT found in any members of the groups requir- 
ing different reactions.* 

This requirement is satisfied by the fact that all the characters 
(e.g. in Series A Plate I), contain certain strokes in common. 
These characteristic strokes for each of the twelve reaction- 
groups are isolated in the vertical column of characters labeled 
“concept.” They may be easily observed imbedded in each of 
the characters in the group following but they are not found in 
any of the other groups. 

5. All of the individual experiences which require a given re- 
action must always be accompanied by the experience of a given 
word, which must never accompany experiences requiring a dtf- 
ferent reaction. 

This was accomplished in the early part of each experiment by 
the experimenter pronouncing the name in question in the mid- 
dle of the exposure of each of the particular characters of a 
given reaction-group whenever they chanced to appear. The 
ticking of the clockwork marked the middle of the five-second 
exposure. The subject always repeated the syllable distinctly im- 
mediately after the experimenter. He was directed to anticipate 
the experimenter as soon as possible by himself speaking the 
required word during the two-and-one-half seconds of the ex- 
posure before the prompting should occur. A consistent reaction 
of this kind was always established after a longer or shorter 
series of exposures. In cases of successful reaction the subject 
heard the word spoken by himself in connection with the cor- 


1This of course ignores the obvious fact that the same object may be con- 
ceived in numerous ways and that under different circumstances may re- 
quire very different reactions. Only a slight modification of the technique 
here employed would be necessary to measure its influence which presum- 
ably is important. (See James, 4, II, 333.) : 
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responding character. Consequently there was no need for the 
experimenter to speak the word. 

6. The individual concrete experiences must take place in a 
random order and consequently one unanticipated by the subject. 

This was secured as follows: In the first place the characters 
were presented in “packs” of 12. An inspection of Plate I will 
show that a “pack”’ or vertical column of characters includes one 
representative of each reaction-group. Since the capacity of the 
drum was also 12, a “pack” of characters exactly filled the drum. 
Secondly the order of the representatives of the various reaction- 
groups in a given pack was fixed by chance, subject only to the 
qualification that the representatives of two or more reaction- 
groups should never come in immediate succession in any two 
successive “packs,” and further that the representative of a given 
reaction-group should never appear first or last in more than 
one “pack.”’ 

7. The experiences belonging to a given reaction-group must 
ordinarily be separated by one or more experiences belonging to 
the other groups. 

This is necessary effectually to efface any immediate memory 
images which might otherwise be superposed directly upon a 
second experience of the same reaction-group. This was se- 
cured by the procedure just described under (6) above. 

8. Each new experience, particularly at the beginning of the 
process, must precipitate the more or less acute problem of de- 
termining what reaction will secure satisfaction and avoid an- 
noyance. 

This was adequately realized by the unanticipated order of 
the experiences described above, together with the fact that the 
subject was under obligation if possible of reacting promptly and 
correctly by pronouncing the name of each character as it ap- 
peared. If he could not react correctly he had the annoyance of 
failure, and if he succeeded he had the satisfaction of conscious 
success. 

9. In coping with new situations, the subject must constantly 
use any incipient stages of the concept that may be in existence at 


a given time, however imperfect and false such embryonic con- 
cept may be. 
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This was automatically realized to the maximum by the con- 
tinuous necessity of reacting correctly by naming the new char- 
acters as they appeared. 

10. The concept (in the mind of the subject) must never be 
an end in itself but rather a means to successful reactions to 
concrete experiences. 

This was secured by occupying the subject’s mind as complete- 
ly as possible with the problem of perfecting his reaction. Ex- 
cept where otherwise stated, great care was taken to avoid any 
other motive. In the instructions, all suggestions of abstraction 
of common elements, generalization or definition were studiously 
avoided. Positively he was led to believe that he was about to do 
a kind of memory experiment. He was told that he would be 
prompted in the middle of each exposure, that he should repeat 
the syllable each time when prompted and that as soon as pos- 
sible he was to react before being prompted. This process was 
continued with the first “pack” until all the reactions were per- 
fected, which to all intents and purposes really was a memorizing 
experiment.” At the beginning of the second “pack” the subject 
was told in a matter-of-fact way that the second set would be 
easier because the same names would be used as with the first 
set, so there would be no new names to learn. Just before ex- 
posing the first character, he was told to see how many of the 
new characters he could “guess” correctly before being prompted. 
This injunction to “guess” was given at the beginning of each 
succeeding series. 

11. A definite functional umt of measure must be provided. 

A thoroughly convenient and adequate functional measure of 
the perfection of a concept lies in the extent of the ability to 
react successfully to new but analogous situations (12, 73). If 
in a given time spent one method of evolving concepts gives 
ability to react successfully to 50 per cent of all new situations 
and another gives ability to react to 60 per cent of the same or 


2Introspections taken at the conclusion of the experiments indicated that 
the greater part of the time of the subjects was always consumed in the 
immediate task of perfecting the required reaction. The most of them spent 
a little time however in seeking the common element. A few seem never 
to have attempted it. 
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16 CLARK L. HULL 


similar new situations, the second method is obviously superior to 
the first to a definite intelligible amount and regardless of ability 
to define or any other subjective consideration. Accordingly only 
the first six “packs” of characters (Plate I) were used for the 
purpose of evolving the concepts. The remaining six “packs” 
(VII to XII) were‘yeserved exclusively for testing or measuring 
the concepts thus evolved. In making up the test “packs” the 
characters were rearranged from the order as they appear in 
Plate I in such a way that in a given “pack” or drum-full, two or 
even three characters of a given concept might be present and of 
course not any of certain others. This was to prevent subjects 
from determining the identity of characters by a process of 
elimination. Three exposures were given of each one of these 
test “packs” (of course without promptings) and the subjects 
were encouraged to “guess” at them very freely if any suggestion 
whatever of a possible identity came to mind. This latter was 
done so as to get as far as possible the liminal as well as the 
supraliminal reactions and thus obtain a more adequate measure. 
The three reactions to each of the six test-chaiacters of a given 
concept gave eighteen measures for each concept and a total of 
216 measures for all twelve concepts with a given subject. This 
was our main measure. 

In addition there were three supplementary measures of some 
importance. The first and most important of these is based upon 
exactly the same principle as the main measure. At the first 
presentation of each succeeding “pack” of the evolution series 
(first six “packs,” Plate I) there arises the necessity of reacting 
to the respective characters during the two-and-one-half seconds 
before the prompting takes place. This obviously gives the re- 
quired functional measure and at a point of peculiar interest as 
it takes place periodically throughout the entire evolution process 
and enables us to trace the progress of the process from the first. 
As pointed out above the subjects were encouraged to react or 
“guess” very freely especially during the first time through each 
“pack” even in cases where they were extremely doubtful. 

The second supplementary measure came from the evolution 
series also. It was furnished by the number of promptings which 
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were required to perfect the reactions to each of the first six 
“packs.’’ Clearly the farther advanced the evolution of the con- 
cepts in general, the fewer promptings will be required. 

A third supplementary measure of the stage of the evolution 
of concepts, though by no means a functional one, is obtained by 
requiring the subject to define the concepts (by drawing them) 
at the end of the process. If desired these definitions may be 
called for at any time during the process though that might 
easily introduce a disturbing factor. For this reason it was never 
done except in special experiments carried out for this particular 
purpose. 

Certain defects appear in all four of the measures described 
above. In the chief measure and in the first two supplementary 
measures the element of chance introduces a slight error. Sub- 
jects were encouraged to “guess” at doubtful cases and chance 
alone would give on the long run one correct guess out of twelve. 
This is but a slight possibility and its influence is reduced to in- 
significance by the fact that on the average only about Io per 
cent to 15 per cent of the reactions were chance in this sense. 
But whatever influence actually resulted from this was effectually 
eliminated from the results by the fact that it was equal for each 
of the two sets of concepts compared. 

In the first and second supplementary methods a slight error 
is introduced by the fact that the subject was sometimes able to 
react successfully to a character through a process of elimina- 
tion. This error is slight however and in the long run may be 
expected to be equal for each of the two sets of concepts, and 
so can hardly disturb the results. These two supplementary 
measures are of distinctly less reliability than the main measure 
because they are based upon a so much smaller number of meas- 
ures. And of the two the second, not being strictly functional in 
nature, is of distinctly less value than the first. The third sup- 
plementary measure, that of definition, is rather qualitative in 
its nature and is not functional. It has no unit of measure in 
any ordinary sense though it is possible to extract from such 
drawings a certain kind of quantitative value (see p. 43). Never- 
theless this method may furnish important information concern- 
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18 CLARK L. HULL 


ing the evolution of concepts, and it might profitably be more 
fully employed than is the case in the present study. 

12. The disturbing influences of past training and experiences 
on the part of the subjects must be eliminated. 

This was effectually secured by the use of the strictly un- 
familiar nonsense-material described above. 

13. The effects of individual differences as to the rate of learn- 
ing among various subjects, of practice, of fatigue, of ennu, of 
obscure physical or psychic tndispositions and spurts, and all sorts 
of other factors of a simular nature, which often seriously dis- 
turb quantitative experiments, must be completely equalized. 

This was accomplished at a single stroke by having the con- 
cepts of the two methods to be compared, evolved by the same 
subject and simultaneously. The advantage of this procedure 
can scarcely be overestimated. Six of the total twelve concepts 
were accordingly evolved by the simple-to-complex method and 
six by the complex-to-simple method. Thus if a subject is natur- 
ally slow, his native slowness appears equally in the simple-to- 
complex method and in the complex-to-simple method; and if he 
is slightly fatigued or fresh, his fatigue or freshness is absolutely 
constant for both methods. The writer regards this as the most 
important single feature of the technique employed. 

14. The technique must be so flexible that it may be possible 
to vary in a definite way any factor involved in the process with- 
out disturbing the constancy of any of the other factors. 

The requirement of varying the direction of the change of 
complexity in the various evolution series without disturbing any 
of the other factors, presented difficulties. These will be con- 
sidered more in detail as the various means of avoidance are de- 
scribed from time to time. In the main the requirement was 
satisfied very simply. As previously pointed out, only the first 
six “packs’’ were used for the purpose of evolving the concepts, 
and are therefore spoken of as the “evolution” series just as the 
other six “packs’’ are spoken of as the “test’’ series. Now a 
glance at the evolution series of concept A (Plate I) will show 
that in the first character the common element stands out very 
clearly, it appears less clearly in the second, still less clearly in 
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the third and fourth characters and least clearly of all in the fifth ia 


and particularly in the sixth character. In short the characters in 
are arranged in the order of increasing complexity, difficulty or | ny 
general obscurity of the common element. This we have called “ 
“‘simple-to-complex.” The same is true of series, B, C, D, E, | 
and F,, which together make up half of the total twelve concepts. ‘ 
On the other hand a similar examination of the first six char- | 


acters making up the evolution series of concepts G to L, the 
other half of the total twelve, will show that they are at first most 
complex and gradually become simpler and simpler from “pack” 
to “‘pack”’ as one moves from left to right, being most simple 
or clear at the sixth. In short these last six evolution series are 
arranged in the order of decreasing complexity or general ob- 
scurity of the common element. This we have designated as 
“complex-to-simple”’ order. From the above it may be seen that 
in experiencing the evolution “packs” in the order I, II, III, 
IV, V, VI, series A to F will be evolved in the simple-to-complex 
order while series'G to L will be evolved simultaneously in the 
complex-to-simple order, and the same amount of time will be 
spent upon each of the two groups of concepts. 

The method of determining the position of the respective char- 
acters in the series of increasing and decreasing complexity was 
based upon the general impression of clearness or obscurity of 
the common element as judged by the experimenter after having 
drawn them.’ The twelve characters of a given concept series 
were carefully arranged in a row according to increasing com- 
plexity or obscurity. From this row the first, third, fifth, eighth, 
tenth and twelfth characters were taken and made respectively 
the first, second, third, fourth, fifth and sixth character of the 
evolution series. The rest were thrown by chance into the test 
series. 

15. The results must be protected from any distortion which 
might arise from lack of equality in the difficulty of the ma- 
terial employed. 





8 This is true of Experiments A, B and C. In Experiment D, the final one 
on this particular problem, the characters were arranged according to ex- 
perimentally determined functional difficulty. 
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Differences in difficulty among the various concept-series were 
not avoided and no particular effort was made to do so. The 
aggregate or average difficulty of the two groups of concepts 
compared however was practically equal, as may be seen by con- 
sulting Tables I, I[, and III. This was a natural result of the 
fairly homogeneous nature of the material. But all possible dis- 
turbance of the results by slight difference in the difficulty of the 
two sets of material compared, was effectually eliminated by hav- 
ing only half of the subjects experience the “packs” in the order 
of I to VI as described above, while the other half experienced 
them in the reverse order. In the first case concepts A to F 
were simple-to-complex, while G to L were complex-to-simple. 
In the second case concepts A to F became complex-to-simple 
while concepts G to L became simple-to-complex, thus completely 
reversing the process in both cases. Consequently if in the first 
group of subjects concepts A to F should give on the tests a 
score of errors for the simple-to-complex method slightly in 
excess of what strict equality in the difficulty of the groups should 
show, when the process is reversed and concepts A to F have 
become complex-to-simple, they may be expected to give the 
same slight excess of errors to that method also. And when the 
results of all subjects are combined, these two equal excesses will 
neutralize each other and the final result will be effectually pro- 
tected from disturbance from this source. 

16. Sufficient concepts must be evolved and sufficient measures 
taken from each to (largely) eliminate chance variation 

This was approximately achieved by using with°éach subject 
six concepts and 108 measures on the final tests for each of the 
two methods compared, besides the secondary measures which 
furnish reliable corroborative evidence. In the most of the ex- 
periments later described ten subjects were used, giving a total 
of 2,160 measures on the tests above. In the four experiments 
on the economy of the simple-to-complex method of evolving 
concepts alone over 8,600 measures were taken. 

An exact record was made of every reaction of the subject as 
the experiment was performed. Special mimeographed blanks 
were provided for the purpose. A plus sign was recorded for 
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every correct reaction, a minus sign for every failure to react 
and the nature of the response was recorded in every incorrect 
reaction. These later are of course counted exactly as minus 
signs in the final tables. An exceedingly careful system of key 
letters and numbers was used to prevent errors in prompting, 
scoring, etc. 

Except where otherwise stated all the experiments throughout 
the study were conducted in a small research room in the psycho- 
logical laboratory of the University of Wisconsin. The room 
had one large window of northern exposure. The apparatus sat 
on the top of a sort of table 42 inches high and 16 inches wide, 
where the light of the window fell directly upon the exposed 
characters. The latter were about on a level with the subjects’ 
eyes. The experimenter sat on a high stool behind the table and 
at one side of the apparatus. Short rest-periods were permitted 
between the various “packs” to avoid fatigue. The experiments 
described in the present chapter ordinarily consumed about three 
hours each. This included the rest-periods. 

The subjects in the immediate experiments and in all the ex- 
periments except where otherwise stated were university stu- 
dents. In most cases they had little or no training in psychology 
and were thoroughly naive. Ordinarily they regarded the work 
as a kind of memory experiment and were mainly interested in 
making a good score. It is safe to say that not one of the sub- 
jects used in this form of the experiment had the slightest sus- 
picion that the ultimate purpose of the experiment was to com- 
pare the efficiency of two distinct modes of concept evolution. 
When informed of this at the end of the experiment they never 
failed to express more or. less astonishment. For the above reas- 
ons no form of suggestion arising from preconceived theoretical 
considerations could enter to distort the results. Indeed the writer 
regards such subjects as distinctly more valuable than trained 
psychologists for such an experiment as the present one. 

We may now briefly summarize the salient features of the 
technique described above with special reference to its application 
in Experiment A: The twelve characters of “pack” I are in- 
serted in the twelve holders of the drum. The drum goes round 
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and round without interruption making successive exposures of 
each character of exactly five seconds. The characters are sta- 
tionary while being viewed. The experimenter pronounces the 
concept-name of each character at the middle of its exposure and 
the subject repeats it with care. After the first revolution of the 
drum the subject himself begins to react to the characters by 
pronouncing the name wherever possible, before being prompted. 
At length every character will be reacted to correctly at a single 
revolution of the drum. The characters are at once removed 
from the drum and replaced but in a different order. The 
prompting is then resumed as before until the subject has made 
a perfect score on each of two successive revolutions of the drum. 

Then “packs” II, III, IV, V, and VI which comprise the evo- 
lution “packs” are inserted and learned one after the other. In 
these cases however, the “packs” are only learned in one order 
each, and to a perfect score on two successive revolutions of the 
drum. Less and less time is required for each succeeding “‘pack.”’ 

In order to equalize any possible inequality of difficulty in- 
herent in concepts A to F as compared with the concepts G to L, 
half of the subjects learned the reactions to the “packs’”’ in the 
order of VI, V, IV, III, II, I. In this case “pack” VI was 
learned in two orders by these subjects just as “pack’’ I was by 
the first half of the subjects. 

Lastly the six test “packs” are presented. They are inserted 
on the drum one after another and merely given three revolutions 
each, i.e., three exposures to each character. The subject reacts 
wherever possible, no promptings being given. Sometimes the 
subjects were then asked to draw on a specially prepared blank 
the characteristics which a character must contain in order to be 
called “66,” “yer,” “lé,” etc. 


Results 
The results of the tests show a distinct advantage for the 


| simple-to-complex method. They are given in a condensed form 


by subjects in Table I. There it appears that seven of the ten 
subjects show a more or less decided advantage for the simple- 
to-complex method. Out of a possible 108 errors in reacting to 
the tests of the simple-to-complex series, an average of 30.2 
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TABLE I 
Showing the relative efficiency of the simple-to-complex method, 


Experiment A. 
Number of failures to react correctly 





on test series, out of possible 108. 4 
Order of Advantage 
experiencing Simple-to- Complex- of simple- 
Subject evolution “packs” complex to-simple to-complex 
Eat. Lt Va 9 34 +25 
S. B. 66 ‘6 ‘“ 27 35 + ~ 
Mac. se eee 62 60 — 2 
M. B. 6“ ‘“ ‘“ 8 49 +41 
Mau. Lie tae np 34 59 +25 
Lie. VI to I 14 36 +22 
Pau. tee 25 19 — 6 
Wan. ee as, 23 46 +23 
Sch. “ 6<¢ “ 48 33 —15 
Dav. Pea ce 52 70 +18 
DS oo kccctbbakkadeews outedéaweka 30.2 44.1 +13.9 
TES od u:an0b cana su See nauk eety abies +s 004s hiebdeee ee aD 14.1 
BD suv ccundiebbas Kan dhavaaasunkdetens +4 Coleen 16.3 


failures was made, as against an average of 44.1 failures on the 
tests of the complex-to-simple series. This gives an average ad- 
vantage of 13.9 points for the simple-to-complex method.* 

‘The results are confirmed by both of the first two suppiement- 
ary methods of measurement described on p. 15. The results of 
the first supplementary measure are shown in Table II. There 


TABLE II 


Showing the number of failures to react correctly at the first presentation of 
the characters of evolution “packs” by the respective methods. 


Total number of failures to react correctly 
at first presentation. 


Order Simple-to-complex Complex-to-simple 
of experi- (“packs” given in (“packs” given in 
Sub- iencing chronological order) chronological order) 


ject “packs” . 8 ae. Yea . eae Vee 
Eat. I to VI Ge. 39.40 22. 2: 6.0 5.0 5.0 3.5 28 1.2 
a Soe 60 20 10 10 .5 25 6.0 5.5 45 35 45 3.5 
eS oe 6.0 30 40 40 50 40 6.0 3.0 5.0 4.0 40 2.0 
ee tne 6.0 5.5 2.5 1.5 1.0 2.0 6.0 5.0 38 3.5 2.5 3.0 








ek. coer 6.0 3.0 3.0 20 3.0 2.0 6.0 5.0 4.0 3.0 3.0 5.0 
Lie. VI to I 6.0 20 30 20 20 I.5 6.0 4.0 3.0 4.5 3.0 2.0 
Pau. et  gibicn 6.0 5.0 50 5.0 50 20 60 60 50 10 3.0 40 
| Se 60 45 30 35 20 10 60 5.5 50 2.0 1.5 .5 
Sch. 2 ae 6.0 3.0 40 40 4.0 20 60 60 60 5.0 20 3.0 
ae 6.0 5.0 35 40 45 35 60 5.0 30 40 20 3.5 
PUR ov ccakicies 6.0 3.7 3.2 2.0 2.7 225 6.0 5.0 4.4 3.4 28 2.77 


+A computation of the “unreliability” of this average shows that there is 
one chance in about 286 that there is no advantage for this form of the 
simple-to-complex method. (Thorndike, E. L., Mental and Social Measure- 
ments, Chap. XIII.) 
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appear in chronological order the number of failures to react 
correctly at the first presentation of the respective evolution 
“packs,” for the simple-to-complex and the complex-to-simple 
methods respectively. Owing to the small number of measures 
taken on a given “pack’’ with a single subject, there is consider- 
able variation in the figures in the body of the table. The final 
averages however show a decided and consistent advantage for 
the simple-to-complex method. This appears very clearly in 
Figure I where the relation of the two sets of averages is shown 
graphically. These curves show not only a distinct superiority 
for the simple-to-complex method but at what an early stage in 


os 


*t correctly at first presentation. 


Number of failures to ree 











“Pack” reacted to. 


_emme Simple-to-complex. 


=< =» «» Complex-to-simple. 


Figure I.—Showing the rate of improvement in ability to react to new 
situations, evolution series, Experiment A. 
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the process this superiority is established. Already at the begin- 
ning of the second “pack,” it is greater than at any other time in 
the process. Indeed there is a distinct tendency for the curves to 
converge near “pack’”’ VI. This however is doubtless due largely 
to the fact that the characters of the upper (simple-to-complex) 
curve are at their maximum difficulty at this point, thus tending 
to increase faulty reactions and so to make the curve fall. On 
the other hand the characters of the lower curve are at their 
minimum of difficulty which tends to make a minimum of faulty 
reactions and so to elevate artificially the curve at this point. 

The superiority of the simple-to-complex method is shown 
once more by the second supplementary measure. The compara- 
tive results by this method are shown in Table III. Here appear 
the total number of promptings required at each stage of its evo- 
lution for the six concepts being evolved simultaneously by the 
respective methods. As in Table II there is considerable varia- 
tion in the individual scores but the final averages still show a 
distinct superiority for the simple-to-complex method. This is 
shown graphically in Figure II. Thus by all of the three methods 
employed, the simple-to-complex method of evolving concepts has 
proven the better of the two. 


TABLE III 


Showing the number of promptings required to perfect the reaction at each 
succeeding “pack” of the evolution series for the two methods 
compared, Experiment A. 


Total number of promptings required to perfect 
reaction at each succeeding “pack”. 


Order Simple-to-complex Complex-to-simple 
of experi- (“packs” given in (“packs” given in 
Sub- iencing chronological order) chronological order) 


ject “packs” L. . Seceeee ov OV OE ae tee Vee 








Fat. I to V ; ee hh ee ee 26: 283-2 48). 23a 
ee v" Set Se ee ae — 3 3. See 
eas Se. gee a ee ee cee ae ee ee’ ee 
OS iyiieedliates teat a Sa Ae - 12.3%. 2: -80 
RE lian et: a ae Se: eee —s 0b 7-6 eee 
Lie. VI to I | ie ) a oe Cae, oe 6. §. 3 8 ee 
Pau. “ree: a i ee ee eR Ce 3: ©. i. £2. ee 
ae ae a a, ae cee 6 6 WY “4: 2-6 
Sch. ath aay fe: 60 12-16 121 S46 4a 25 18 es 
Dav. matters Me... we” hF 4 4. 2 SF 
EE cis cesar’ 36.3 9.8 83 690 48 3.5 348 170 111 78 3.9 3.0 
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Figure I].—Showing the number of promptings required to perfect the 
reaction at each succeeding “pack,” evolution series, Experiment A. 


On page 18 it is pointed out that it was difficult to keep all 
other factors equal while varying the single one of the direction of 
change in complexity of the material. In the present experiment 
the time-element presented difficulties from this source. It is 
true that according to the technique employed the total time con- 
sumed by each of the two methods was bound to be absolutely 
equal. Despite this, an important time-relation remained grossly 
unequal. An examination of the distribution of time among the 
various “packs” (p. 30) shows that about four timesas much 
was given to the simple end of the simple-to-complex evolution 
series as to the simple end of the other. Clearly this alone 
might account for the advantage obtained for the simple-to-com- 
plex method in the present experiment if it be assumed that the 
simple end of such a series is more efficient in the evolution of 
functional concepts per unit time. That such is actually the case 
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is strongly suggested by the fact that the entire advantage gained 
by the simple-to-complex method is secured on the first one or 
two “packs” (Figure 1), where an excessive amount of time is 
spent upon the easy end of those series. 

Accordingly three new experiments were instituted. One (Ex- 
periment B) reduced the disproportion of time spent upon the 
simple ends of the respective series evolved by the two methods. 
In the other two (Experiments C and D) it was equalized en- 
tirely. 

EXPERIMENT B 


In this experiment the same material, apparatus and general 
technique were employed as in Experiment A, except that instead 
of learning the first (chronological) “pack” in two orders, it was 
here learned in only one. All “packs” were learned as usual until 
a perfect score was made on two successive revolutions of the 
drum. Thus the only difference between the present experiment 
and the one just described lies in reducing the time spent upon 
the first “‘pack.” Eight subjects were used in the experiment. 

The results in general confirm those found in Experiment A 
though upon a somewhat reduced scale. The smaller advantage 
here shown for the simple-to-complex method tends strongly to 
confirm our suspicions as to its origin which were expressed 
above. The results are shown by subjects in Table IV. Six of 


TABLE IV 


Showing the relative efficiency of the simple-to-complex method, 
Experiment B. 


Number of failures to react correctly on 
test series, out of possible 108. 


Order of Advantage 
experiencing © Simple-to- | Complex- of simple- 
Subject evolution “packs” complex to-simple to-complex 
Rig. I to VI 36 38 +2 
Bot. pring 49 43 — 6 
Wey. pak Santee 31 18 —13 
Hen. “6 “ 40 54. +14 
Cop. VI to I 29 44 --15 
Dum. “ec ‘“ “ 6 20 +14 
Sym. “ ‘“ “ 42 47 + 5 
M. Cc. 66 “ ‘“ 33 71 +38 
MEN. ¢cdéddddlidedus daccanwenesites 33.2 41.9 + 87 
MITE .6 4 6 nknQweaWebreed vata seuWiobaeedsbnksdkseseeee4es Rhee 11.6 


ENS as $c Cada pew ehl.ue Pexvedkama cus kcekabhoddensdsendentaeeaees 14.50 

















ae ee 








28 CLARK L. HULL 


the eight subjects show a more or less striking tendency to greater 
efficiency by the simple-to-complex method. The final averages 
show a score of 33.2 failures to react out of a possible 108 as 
compared with 41.9 failures by the complex-to-simple method. 
This gives a net advantage of 8.7 points for the simple-to-com- 
plex method® against one of 13.9 by the method of Experiment 
A — a perceptible reduction. 

These results are further confirmed by the two secondary meas- 
ures which show the relative efficiency of the two processes from 
the beginning. The increase in ability to react to new cases 


TABLE V 


Showing the number of failures to react correctly at the first presentation of 
the successive evolution “packs” for the respective methods, 
Experiment B. 


The number of failures to react correctly at 
first presentation. 


Order Simple-to-complex Complex-to-simple 

of experi- (“packs” given in (“packs” given in 

Sub- iencing chronological order) chronological order) 
ject “packs” [ Eee Aw . a. oa ay eo ae 


Rig. I to VI 6.0 35 2.55 20 20 4.0 6.0 5.5 60 3.0 3.5 3.5 








Bot. 6.0 5.0 3.0 3.5 3.5 4.0 6.0 45 5.0 2.5 45 3.0 
TS Stan 6.0 2.0 30 30 2.0 20 6.0 60 5.0 40 1.0 3.0 
Hen. i Ries G0 18 22 2 2. 6.0 6.0 60 5.0 5.0 2.0 
Cop. VI to I 6.0 4.0 3.0 3.5 2.0 2.0 6.0 60 5.0 4.0 4.0 40 
Re cei linia 60 25 20 2 20 a 6.0 5.0 3.5 2.5 2.0 1.0 
ec 6.0 5.0 3.0 3.0 3.0 4.0 6.0 6.0 3.0 4.0 2.0 3.0 
ae 6.0 5.0 3.0 40 3.0 4.0 6.0 4.0 5.0 5.0 4.0 5.0 
DC hisWads wave 6.0 3.5 2.5 26 22 2.5 60 5.4 48 38 3.2 3.1 


throughout the evolution series is of special significance and is 
shown for the two methods separately in Table V. The final 
averages of the two series are shown graphically in Figure III. 
While showing the superiority of the simple-to-complex method, 
it also furnishes additional confirmation of our suspicion con- 
cerning its cause. The curves of Figure III, just as in Figure I, 
show that the rise in the upper or simple-to-complex curve takes 
place almost entirely during the first part of the process, ( “packs” 
I, II and III) which, it will be remembered, is its easy end. On 


5 A computation of the “unreliability” of this average shows that there is 
one chance in about 22 that the “true” average would not show an advantage 
for the simple-to-complex method. 
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_Ficure III.—Showing the rate of improvement in ability to react to new 
situations, evolution series, Experiment B. 


the other hand the lower or complex-to-simple curve, makes a 
much greater comparative rise at “packs” IV, V and VI which is 
also its easy end. Much of this is clearly due merely to the dif- 
ference in difficulty of the characters presented for reaction, but 
not all. At “pack’’ IV, in spite of the fact that the simple-to- 
complex characters are here slightly the more difficult of the two, 
the curve shows almost twice as great an advantage for the 
method as was shown by the tests, where the material is equally 
difficult for both methods. Evidently from the fourth “pack” 
on, the simple characters of the complex-to-simple series have 
proven more efficient in evolving functional concepts than the 
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complex characters of the simple-to-complex series, for they have 
greatly reduced the advantage of the simple-to-complex method 
which was present at the end of the third “pack.” Given more 
time on the last three “packs,” this advantage might be completely 
eliminated. Clearly then, any method which spends a greater 
proportionate time upon the simple or more efficient end of the 
series, will tend strongly for that reason alone to be a more 
efficient method, and vice versa. As already pointed out the 
smaller advantage obtained for the simple-to-complex method in 
the present experiment accords with this view. The average 
number of minutes spent upon each “pack” in the two experi- 
ments is as follows: 


Pack I II III IV V Vi 
Experiment A 17.9 9.2 7.6 5.8 5.1 4.8 
Experiment B 17.0 10.8 10.4 7.6 7.3 6.5 


Thus in Experiment A the two “packs” at the simple end of the 
complex-to-simple series received only 33 per cent as much time 
as the corresponding end of the simple-to-complex series, while 
in Experiment B this inequality is reduced so that the ratio is 
50 per cent. 


TABLE VI 


- Showing the number of promptings required to perfect the reaction at each 


succeeding “pack” of the evolution series for the two methods 
compared, Experiment B. 


Number of promptings required at each succeeding 
“Pack.” 


Order Simple-to-complex Complex-to-simple 
of experi- (“packs” given in (“packs” given in 
Sub- iencing chronological order) chronological order) 


ject “packs” | ae Vw ee ae Se 
Rig. I to VI Y 2 e242 Se ee 78 30 20 12 I9 10 
“ “ “cc 16 








Bot. | ee ae ee eS 36 635 “a: a 
MG ors a 0 .. £6.98 eS se o.”wm 6 © a2 3 
ate cia Of. 35 ae oe Ss s&s 6H Bw 
Cop. VI to I 6 2 ee SS S BO oe SS 
ali Ss 2 2 eR aes ee 2. eS ee 
ee: cone Mehr S&S @ 23: 4S ee a ir ee a 
aaa ss Bee eS 60 16 10 10 8 12 
POUR. 0s carcucs 45 190 128 66 4.7 61 50.2 24.2 18.2 11.6 9.9 89 


The promptings throughout the evolution series are shown in 
Table VI. The final averages by the two methods show a con- 
sistent advantage for the simple-to-complex method. They ap- 
pear graphically in Figure IV. 
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Figure IV.—Showing the number of promptings required to perfect the 
reaction at each succeeding “pack,” evolution series, Experiment B. 


EXPERIMENT C 


In setting up this experiment the main object was to equalize 
the time-elements as completely as possible for the simple halves 
of the two groups of series compared. Obviously the only way 
to do this was to give the same number of exposures to every 
pack of the evolution series. After considerable deliberation, 
nine exposures per “‘pack’’ were selected as the number most 
likely to yield results comparable with the two previous experi- 
ments. It was the average number of exposures actually given 
in Experiment B. 

In thus equalizing the time element, some fears were enter- 
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tained lest a second and equally disturbing factor might be in- 
troduced which would have a somewhat similar effect, viz. an 
unequal distribution of attention and effort. It is of course evi- 
dent from the number of exposures necessary to be given to the 
different “packs” in Experiment B (p. 30) that the average sub- 
ject will not have perfected his learning of the first two “packs” 
at the ninth exposure but will have completed the learning of the 
last two “packs” some time before the ninth exposure. Other 
things equal it might reasonably be expected that there would be 
a certain amount of dimunition of the attention in the latter 
packs after the reaction had been perfected. In order to prevent 
this if possible, rest periods were introduced between each of the 
“packs.” And when the subject had perfected the learning be- 
fore the ninth exposure he was warned to maintain the same de- 
gree of attention as before. In this connection it must be pointed 
out also that association bonds are by no means at their maximum 
strength when they are just capable of producing the reaction in 
two and one-half seconds. Considerable effort on the part of 
the subject is still required to make the correct response and the 
continued repetitions show their influence in the increased speed 
of the reactions. 

After all possible precautions have been taken there still re- 
mains doubt upon this point. But clearly any disturbing effect 
of this factor will be favorable to the simple-to-complex series. 
If the results still show a tendency to greater economy by the 
simple-to-complex method, the meaning will be ambiguous, as it 
might be due to either of the two possible variable factors in- 
volved. But if the advantage should disappear it would be strong 
confirmation of our previous results pointing to the greater 
amount of time spent upon the more efficient half of the simple- 


||| to-complex series as the cause of the greater efficiency which was 
‘| found for that method. 


The results of the tests show this to be the case. They appear 
in Table VII. While there is, as usual, considerable variation 
among the individual subjects, about as many favor one method 
as the other. The final average for all subjects gives an almost 
identical score for both methods. The difference is only one 
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TABLE VII 


Showing the relative efficiency of the simple-to-complex method, 
Experiment C., 


Number of failures to react correctly 
on test series, out of a possible 108. 





Order of Advantage 
experiencing Simple-to- | Complex- of simple- 
Subject evolution “packs” complex to-simple to-complex 
Tay. I to VI 28.5 27.0 — 15 
Hag. ewan 70.5 44.5 —26.0 
Bon. Be Oe 46.0 32.0 —14.0 
Fin. Pacey to, or 11.0 5.0 — 6.0 
Rei. ht. eee 79.0 86.0 + 7. 
Nor. VI to I 21.0 18.0 — 3.0 
Old. its en 35.0 58.0 -+23.0 
Tor. ate ilies. 37.0 57.0 -+20.0 
Eva. ae phage ee 49.0 32.0 —I17.0 
Osm. pba Sees 79.0 85.0 + 6.0 
DD? ons vantendaweetbaedwemdmen 45.6 44.45 — II 
Ts. Wh dc és pe eeeeaeiend daw dernddhedeanesiaes cade cbebNeOaR eee 12.1 
TAME ie 06 ws nd bcadatadbckd butte weed eibeeniacstndkeiecaee 14.87 


point, and even this is reversed and in favor of the complex-to- 
simple method. 

As in the previous experiments, the results of the supplemen- 
tary measures support those of the tests. The comparative func- 
tional efficiency of the two methods in reacting to new cases is 
shown from the beginning of the process in Table VIII. The 
final averages of the two methods are shown graphically in Fig- 


TABLE VIII 


Showing the number of failures to react correctly at the first presentation of 
the successive evolution “packs” for the respective methods, 
Experiment C. 


The number of failures to react correctly at 
first presentation 


Order Simple-to-complex Complex-to-simple 
of experi- (“packs” given in (“packs” given in 
Sub- iencing chronological order) chronological order) 


ject “packs” a. 2. eae Ve : Ete Veto 
Tay. Ito VI 60 40 20 30 20 40 60 45 35 20 10 4.5 
— = 6° 6 SS 60 60 45 40 20 45 60 60 3.0 40 5.0 40 
Bor. ~ ee 6.0 50 3.0 4.0 40 35 60 60 3.5 45 2.5 1.0 
Fin. ery 6.0 6<0 50 10 10 25 60 5.0 3.5 30 2.5 1.0 
Rei. pala tay 6.0 5.0 40 5.0 45 30 60 55 45 60 5.0 2.5 
Nor. VI to I 6.0 6.0 35 20 20 .5 60 60 5.0 3.0 20 2.0 
Old. “Fthahies 6.0 45 2.5 40 5.0 30 60 5.0 40 40 3.0 5.5 
Tor. a, 6.0 5.5 35 40 25 30 60 50 45 3.5 2.5 4.0 
—_— ee 6.0 5.0 45 30 20 25 60 45 45 30 2.0 3.0 
ee = eS 6.0 5.5 60 35 6<0 55 60 5.5 5.5 4.5 5.0 5.5 








TE 6 50S 2k 6.0 5.25 3.85 3.35 3.1 3.2 6.0 5.3 4.15 3.75 3.05 2.9 
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_ FIGURE V.—Showing the rate of improvement, in ability to react to new 
situations, evolution series, Experiment C. 


ure V. The two curves follow an almost identical course. But 
the differences, small as they are become significant when taken 
in connection with the corresponding processes of Experiments 
A and B. (Figures I and III.) Here we find again that the 
simple-to-complex method rises more rapidly at first. At “pack” 
IV it attains its greatest advantage in spite of the fact that its 
characters are the more difficult of the two at this point. But 
the remainder of the curve shows that this advantage is entirely 
lost during the second half of the evolutionary process as was 


anticipated above. No advantage appears by the simple-to-com- 
plex method as such. 
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EXPERIMENT D 


Owing to the importance of the question under investigation, 
it was thought desirable to repeat Experiment C under more 
rigid conditions. It will be recalled that the characters of the 
evolution series in the previous experiments were arranged ac- 
cording to the complexity or general obscurity of the common 
elements as determined by the subjective impression of the ex- 
perimenter. In the present experiment the criterion of arrange- 
ment was the actual functional difficulty of the individual char- 
acters. This was readily determined for the characters of the 
original test series by computing the aggregate number of fail- 
ures to react correctly for each character as shown by the test 
records of 25 subjects. The characters of the original test series 
were accordingly converted into a new evolution series while the 
old evolution series became a new test series. This criterion has 
the distinct additional advantage that it shows relatively how 
great the increase or decrease of complexity or difficulty is, which 
we are dealing with. The average increase in percent of failures 
for the entire group is approximately 5 per cent from step to 
step and fairly uniform: 

20.5%, 25.6%, 20.7%, 34.8%, 41.8%, 54.7% 
TABLE IX 


Showing the relative efficiency of the simple-to-complex method, 
Experiment D. 


Number of failures to react correctly 
on test series, out of possible 108. 





Order of Advantage 
experiencing Simple-to- | Complex- of simple- 
Subject evolution “packs” complex to-simple to-complex 
Joh. ’ @ Vi 65 44 21 
And. bans: 10 22 +12 
Woo. “OG ‘6 65 57 nae 
Mur. ee 61 72 +11 
EB... Br ames tire 46 68 +22 
Sch. Petes: ee 23 17 — 6 
Hem. VI to I 55 37 —18 
Adl. “ 6 “ 39 63 +24 
Cra. eee poe II 33 +22 
Pet. “c “ “ec 79 71 pass ~ 
M. H. iti “ & 70 66 as 4 
Tig. “ se ‘6 45 44 ) ee 
SEINE: 9 Gaia iene a 2 cgiedae okies 47.4 49.5 + 2,08 
Mer Cau bedawnss icee ess ch cauuussecs cag esbadu¥eeed ccagun 13.3 


IMS dn KGePERDR dai Eden obdccckndvyacdsu¥osbodde nets dune 15.0 
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And while an inspection of the characters according to the new 
arrangement makes it possible that we have here a factor slightly 
different from that aimed at in the previous experiments, it is also 
probable that we are dealing with a distinctly more fundamental 
and significant type of complexity. 

The results of the experiment confirm in every detail those al- 
ready obtained. When the same amount of time is spent on each 








member of the evolution series, there is no advantage in favor of _ 





proceeding from the simple to the complex. Of the twelve sub- 


ee Oa 


TABLE x 


Showing the number of failures to react correctly at the first presentation of 
the successive evolution “packs” for the respective methods, 
Experiment D. 


The number of failures to react correctly at 
first presentation. 








Order Simple-to-complex Complex-to-simple 

of experi- (“packs” given in (“packs” given in 

Sub- iencing chronological order) chronological order) 
ject “packs” I 3Y <geoy VOM i oa ae UE 
Joh. I to VI 6 (S502 a. Se > 2 ae ae 
a 6 ae oe 2 3 ae Oe ee Be 
io 6 6 ae ae Se ee oe ee ee 
a 6 6. se Se S. i ae ae 
——_ | Bae ee Sas a Sa a a ee 
Sch. a es 6 2-8 2S kes Bee ce ek ee 
Hem. VI to I . @: 3 eae ae Se ee Oe Se 
| Ee settee 6 ecw SS a eS 
Cra. ates so ak a Ie a oa oe 
USE peated ee oe Se See Be i oe ae ae 
——— * ae a ee a ee ee 
as ( 2 ea ee, vee es RS Se 
re 6.0 4.4 39 37 32 40 60 5.3 49 40 29 25 


jects, seven show an advantage for the complex-to-simple method 
while an average of all gives a negligible advantage of 2.09 in 
favor of the simple-to-complex method with a mean variation of 
13.4. The score is shown by subjects in Table IX. The course 
of the successes by the two methods as shown by the initial re- 
action to the characters of the evolution series is given in Table 
X. The averages of the two methods are plotted in Figure VI. 
The characteristic features of the corresponding curves of Figure 
V are here repeated in detail though on a greatly increased scale.® 


6 This probably reflects the greater psychological potency of the present 
method of arranging the characters. 
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_Ficure VI.—Showing the rate of improvement in ability to react to new 
situations, evolution series, Experiment D. 


As there, the simple-to-complex method shows a distinctly better 
score on “packs” II, III and IV, the curves cross between “packs” 
IV and V, and the complex-to-simple method shows a better 
score on “packs” V and VI, only to come together on the test, 
which was the only place in the series where the material reacted 
to was of the same difficulty for both methods. As pointed out 
in previous experiments the advantage shown for the respective 
methods in the various “packs” was largely due to the actual dif- 
ference of difficulty in the characters reacted to in each case. 
But if this factor alone were operating the curves should have 
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crossed between “‘packs’’ III and IV instead of later. At “pack”’ 
ITV we know that the simple-to-complex characters are about 5 
per cent more difficult than the complex-to-simple. This acting 
alone would have reversed almost exactly the positions of the 
two curves. The fact that they were not reversed shows clearly 
that the simple characters of the simple-to-complex method have 
been distinctly more efficient than the complex characters of the 
complex-to-simple method up to that point i.e. during the first 
three “packs.” That this advantage was absent at the end of the 
evolutionary process as evidenced by the tests, shows with equal 
clearness that the simple characters at the end of the complex-to- 
simple series worked with equal efficiency when their chance ar- 
rived, and that the order of arrangement as such probably has 
no influence upon the efficiency of the process whatever. 


a SUMMARY AND CONCLUSIONS 


The results of Experiments A, B, C and D may be briefly 
formulated as follows: 


¥ I. In the evolution of functional concepts simple experiences 
are more efficient than complex ones. This appears to be true 
regardless of whether the simple experiences take place at the 
beginning or end of the process of evolution. | 

2. Concrete experiences in the simple-to-complex__ order ap- 
pear _to be no more efficient in the evolution of functional con- 
cepts than when in the complex-to- simple order/i} ) inequalities of 
the time-factor are excluded. 

3. But if each individual experience in the evolution series is 
continued until the reaction to it is just perfected before passing 
to the next, there is a distinct advantage in favor of the simple- 
to-complex method.) This is due to the fact that under this 
method a greater amount of time is spent upon the simple or 
efficient end of the simple-to-complex series than upon the cor- 


\ responding end of the complex-to-simple series. It seems not 


improbable that whatever belief may exist as to the greater econ- 
omy of the simple-to-complex order may have arisen from the 
natural tendency to spend a disproportionate amount of time 
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upon the first cases in the series just as was done in Experiments 
A-and B. Thus understood there is a real economy by this pro- 
cedure. 

Caution must be exercised in applying results such as the above 
to the conditions of instruction, for example, and that for a 
number of reasons. In the first place, as pointed out above (p. 
5), there are very considerable differences between the conditions 
of the present experiment and those usually found in formal in- 
struction. Under such different conditions, especially in respect 
to the immediately successive experiencing of the cases of a given 
concept-series and the general lack of the functional reaction 
throughout the series, the relations found above to obtain between 
the two might be considerably altered. 

A general criticism and evaluation of the method employed in 
the above experiments may be made at this point. The great 
weakness as well as strength of the present method lies in its 
abstractness, particularly in the use of nonsense-material. Ob- 
viously, results from such material must be verified and checked 
up by further experiments with the more complex material of 
every day life. Even there an economy might conceivably hold 
for one kind of material and not for another, such is the specific 
nature of psychological functions. An example in point is seen 
in Ebbinghaus’ “law of forgetting.” It was found to hold 
though upon a reduced scale, for many kinds of “intellectual” 
material but probably not at all for thoroughly learned muscular 
habits (75, II, 309 ff). 

On the other hand the advantages of the method are very 
great. This is particularly true of a study which is attempting 
to make a preliminary exploration in a little known field such as 
the present. The advantage consists largely in extreme simplic- 
ity, uniformity, flexibility and general controlability of the ma- 
terial employed. Here again the classical work of Ebbinghaus 
on memory may be profitably considered. Perhaps it is not tog 
much to say that owing largely to the abstract nature of his 
method and particularly to the extreme managability of his ma- 
terial, he made as great a contribution to our knowledge of the 
quantitative aspects of memory in two or three years as has re- 
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sulted from all the enormous amount of work done on memory 
since that time. The work done since was of course just as nec- 
essary as his. The point is that by the use of abstract experi- 
ments there is an enormous economy of time and energy in reach- 
ing preliminary conclusions as to where the truth may probably 
be found in the complex material of everyday lifé) In short it 
sets the problem for the concrete experiment and has limited prac- 
tical value until verified by the latter. But here again the his- 
tory of memory experimentation may be encouraging, for hardly 
one of the principles worked out by Ebbinghaus has failed to find 
its counterpart in the complex material of every day life, though 
often with limitations. This suggests that even with the limita- | 
tions mentioned above, a certain amount of presumption arises 
that the tendencies found in the present experiments may prove 
true even of so artificial a process as formal instruction. 


























IV 


THE EFFICIENCY OF RECEIVING CONCEPTS WITH- 
OUT THE LABOR OF GENERALIZING 
ABSTRACTION 


EXPERIMENT E 


A second theory of essentially quantitative implications has 
long been held concerning the evolution of functional concepts. 


4 This theory is that to have functional value, concepts must be 


evolved from the concrete by each individual for himself (6, 
229). Practice has on the other hand very often (though apolo- 
getically) striven to give the concept to the individual outright. 
But while theory asserts stoutly the greater functional efficiency 
of concepts evolved by the individual himself as compared with 
those given to him outright, it has not been determined how much 
greater is the efficiency, much less how it would vary (if at all) 
with different amounts of time available for the process. Here 
then we find our problem: Is it more or less efficient to spend a 
given amount of time in perfecting the reaction to an abstract 
characteristic never seen in its concrete setting, or to spend the 
same amount of time perfecting reactions to a series of concrete 
situations with the incidental amount of generalizing abstraction? 

The main features of the method utilized are the same as those 
employed in the experiments just described, in particular Experi- 
ment B. It differed from Experiment B in having half of the 
characters of the evolution series replaced by their respective 
common elements. That is to say, the characters comprising the 
six members of each of the evolution series G to L say, would be 
replaced in every case by the common element shown in the first 
vertical column headed “concept” (Plate I). The other half of 
the evolution series (A to F) remain exactly as before in the 
simple-to-complex order. Thus in learning the evolution “packs” 
in the order I to VI, there would be a simultaneous comparison 
of (1) evolving concepts by the simple-to-complex method 
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TABLE XI 


Showing the relative efficiency on the tests of the two methods of evolution 
being compared, Experiment E. 


Number of failures to react correctly on 
the tests out of a possible 108. 
Advantage of 





7 Concept given Concept given Simple-to- giving con- 
Subject outright in: outright complex cept outright 
Smi. Series A to F 58 71 +13 
Dec. ‘“ 6 66 30 61 +22 
San. “cc ‘é ‘é «“ 55 47 pete Ss 
Cod. ‘cc éé “ec if} 26 53 +27 
Kiv. ce “ “ cé 45 26 —I9 
Oma. Series G to L 54 55 + 1 
Hijo. ““ “éc ‘ec c 65 71 o> 6 
Col. ‘ Tan ee 13 70 46 —24 
Clo. 66 ri ee 87 87 oO 
Sta. &é ‘cc “ cc 37 45 + ~ 
NG bc cenigncecscvecdaanseemaade 53.6 56.2 + 2.6 
a RG bc 60 60h s 60 00. de SUR MEESORTEHENhs Ob eduesadees cabs kueRen 12.8 
SI Waals 804 0:00 0000.00.60 bCsWeheRENSE SEK Oba 6 cco dee sabetiuvbsobenne 15.13 


(Series A to F) with (2) receiving concepts in the abstract apart 
from their concrete setting (Series Gto L). As in the previous 
experiments the necessity of equalizing any differences in diffi- 
culty which might be inherent in the two groups of concepts com- 
pared made it necessary to reverse the process with half of the 
subjects. In this case the naked common elements were given in 
Series A to F and the simple-to-complex method in Series G to L. 
Otherwise the experiment was exactly as in Experiment B, each 
“pack” being learned to a perfect score on two successive revo- 
lutions of the drum. 

“Ten subjects were used in the experiment. They were uni- 
versity students from a class in introductory psychology. 

Contrary to the expectation of the experimenter, there was no 
advantage for either of the two methods compared. The results 
of the tests are shown in Table XI. As usual the variation among 
the individual subjects is considerable but about as many favor 
one method as the other. The final averages are almost equal, 
there being a difference of only 2.6 points. This however is in 
favor of the method of giving the concepts outright. But in view 
of a S.D. nearly five times as great, this has slight significance. 

From the nature of the evolution series in this experiment no 
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supplementary measure was obtained from this source. However, 
at the conclusion of the respective experiments, five of the sub- 
jects (two of the first group and three of the second) were asked 
to draw on a specially prepared blank their idea of what a char- 
acter must contain to be called by the various names such as “66,” 
“ver,” “le,” etc. Even to casual inspection, these drawings show 
a very striking superiority for the concepts which were given out- 
right. In order to get a quantitative determination of the -ex- 
tent of this superiority, four persons of considerable psychological 
training compared each drawing with the corresponding one in 
the first column of figures of Plate I and then scored the draw- 
ings on a scale of ten. The scoring was done without knowledge 


TABLE XII 


Showing the relative ability to define by the two methods of acquiring con- 
cepts, Experiment E. 














Relative functional Relative efficiency 
efficiency in definition 
Concept Simple- Concept Simple- 
Sub- Concept given given to- given to- 
ject outright in: outright complex outright complex 
Dio. Series A to F 64% 43% 55% 38% 
Cod. i to Rate 76% 51% 89% 7770 
Oma. Series G to L 50% 497% 68% 32% 
Hijo. ees 4070 3476 7370 18% 
Col. apc gaia 35% 57% 71% 2770 
ND occ cnpaatinkitenaseushes 53.0% 46.8% 71.290 38.47% 


of the method used to produce the individual drawings. The 
average score of the respective groups of concepts as thus de- 
termined is shown by subjects in Table XII. The final averages 
show that where the concepts are given outright, the defining 
ability is much greater in proportion to functional ability than 
where they are abstracted by the subject. Where the concepts are 
evolved by the subject himself, the percentage of efficiency in 
definition is eight points Jess than the functional efficiency by 
the same process, while by the abstractly given concepts the per 
cent of efficiency in definition is eighteen points more than the 
functional efficiency attained by the same method. The score on 
the “definitions” by the “given” method, is nearly thirty points 
higher than its functional efficiency would require by the method 
of actual evolution by the subject. 
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The results of the experiment may be briefly summarized ’as 
follows: Where the evolutionary process has reached an average 
efficiency of approximately 50 per cent, 

1. Concepts given outright show a functional efficiency equal 
to concepts evolved by the subject himself from concrete cases 
in the simple-to-complex order. 

2. The ability to define the concept by drawing is about twice 
as great where the concepts are given outright as where they are 
evolved from the concrete by the subjects themselves. 

3. From (1) and (2) follows the corrollary that ability to 
define is not necessarily a true index of the functional value of a 
concept (17, 141 ff). 

It must be noted that the above experiment covers only one of 
three or four possible cases of the present problem. It may be 
that very early in the process, say at a point where only about 20 
or 25 per cent of efficiency is attained, the advantage would be 
distinctly with the “given” concepts that at an efficiency of around 
50 per cent (the present case) there would be no consistent ad- 
vantage for either method; and that at a normal efficiency of 
about 90 per cent the advantage will pass over decidedly to the 
simple-to-complex method.* 

There is a further limitation upon the generality of the above 
results even for the region of a 50 per cent development of the 
process. Above we have likened the giving of the concepts in the 
present experiment to the process of formal instruction by defi- 
nition, which educational reformers have inveighed against so 
much. In reality the present method probably suffers from only 
one of the two evils with which instruction by definition is 
afflicted. One is its abstractness and the other is that the verbal 
nature of definitions brings it about that even the abstract mean- 
ing of the definition is imperfectly comprehended. In the pres- 
ent experiment only the abstractness was involved, for presum- 
ably the abstract element itself was immediately and completely 
experienced. 


1 Since this was written, additional experiments along the lines here in- 
dicated, show that some at least if not all of the above conjectures will be 
realized. The writer hopes. to complete these experiments and publish the 
results as a separate study in the near future. 
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V 


THE EFFICIENCY OF EVOLVING CONCEPTS BY A 
COMBINED METHOD OF ABSTRACT PRESENTA- 
TION AND CONCRETE EXAMPLES 


EXPERIMENT F 


In the last chapter we found reason to suspect that mere ab- 
stract information is of rather doubtful efficiency in coping with 
new situations in the later stages of the process of generalizing 
abstraction. Where the process has been approximately half com- 
pleted, its efficiency is about the same as by the simple-to-complex 
method. The problem accordingly arises: May not a combina- 


tion of the two methods be more efficient than either alone? 


Specifically, is it more or less efficient to evolve functional con- 
cepts by first receiving the abstract characteristic and then a 
concrete case, or to have the subject evolve it entirely for him- 
self by the simple-to-complex method? 

The method of attacking the problem was very similar to that 
employed in Experiment E. Two changes were made to adapt 
it to the present problem: In the first place all the characters of 
evolution series G to L were reversed so that they stood nor- 
mally in the simple-to-complex order in exactly the same sense as 
series A to F (Plate I). After being reversed the characters fall- 
ing in “packs” I, III and V were replaced by the naked common 
elements used in Experiment E. Otherwise the learning was 
exactly as usual, to a perfect score on two successive revolutions 
of the drum. In this way series A to F would be experienced in 
the ordinary simple-to-complex order. But series G to L would 
be experienced as: first the “concept” given abstractly, second an 
example, third the “concept” given abstractly again, fourth an- 
other example, fifth the “concept” given abstractly once more 
and lastly another example. Thus series G to L was evolved 
from an alternation of abstract presentation and example, the 
examples being in the simple-to-complex order. As usual in 
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TABLE XIII 


Showing the functional efficiency of combining abstract presentation with 
the giving of concrete experiences, Experiment F. 


Number of failures to react correctly in 
the test out of a possible 108. 
Advantage of 














Sub- Combination Combination Simple-to- combination 

ject method in: method complex method . 
Wat. Series A to F 38 45 +7 x 
Fee. caer Sais 27 57 +30 . 
Bec. bite a> nee 19 28 +9 
Gor. sé 6é “é “ec 33 64 +31 . 
Cro. 6“ “6c CO I 14 +13 : 
Out. Series G to L 15 38 +23 9 
Jac. etek te 15 28 +13 : 
Sla. ‘sc ie ee 48 42 mot 6 ! 
Sur. Sis 28 61 +33 : 
Whi. ce cc ce “< 2I 41 +20 1+ 
Ns ons 5s awe de aenas 24.5 41.8 +17.3 Bi 
ais aid ocan e000 ¥ sR ARE ART ess <uk os eka eunae sheen 10.1 

eS aks auih'g dn 40.0 0.0 0.c 0 Cee eas ads bie ksdehésniaeebebtaeeiess 11.8 


order to avoid error from possible difference in difficulty between 
the two groups of concepts, the process was reversed with half 
of the subjects in which case series A to F were alternate ab- 
stract presentation and example, while series G to L were simple- 
to-complex. 

The tests revealed a decided advantage for the combination 
method over the simple-to-complex.method. The results of the 
tests are shown in Table XIII. All but one subject gave a distinct 





TABLE XIV 


Showing the number of failures to react correctly at the first presentation of 
the successive evolution “packs,” Experiment F. 


The number of failures to react correctly at 
first presentation. 








Combination Simple- 
Sub- method in Combination method to-complex method 
ject Series : I Tl e..2V 0 VV. OD ee ee 
Wat. A to F (6) 4: ee. 2 Oe ae ee See ee 
Fee. peel e (6) 6 - ae 3 ©: 6 Se Soe 
Bec. Pe (oe) 8 Sep 4. ©) 2 oe eee 
Gor. ei atex (6). 2: ee. 2 oe oS £2. 2s 
Cro. Wier. (6) <3 a 8 Oe Ee Se Bee ee 
Out. G to L (G3. . 8 OR a a ee ee 
Jac. aptipie ae (6) 4 ee. SOE .. Se ae ee 
Sla. op anhae (6) 2S Ae eS Ee ee 
Sur. orig (6) <6) See a OP ee a Se eee 
Whi. roe (6) °@SR-.-2 4 .. ©  €: = s 
SST a (6.0) 44 (1.5) 25 ( 6) 390 60 49 3.7 3.0 24 29 
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advantage for the combination method. The final averages show 
that the combination method gave only 24.5 failures to react suc- 
cessfully out of a possible 108, while the simple-to-complex 
method gave a score of 41.8 failures to react successfully. This 
gives an advantage to the combination method of 17.3 points.’ 
Fortunately also we can get some, though imperfect, indica- 
tions as to the relative functional efficiency of the two methods 
from the beginning of the process. This is yielded as usual by 
the ability to react to the new cases at the first presentation of 
each “pack” of the evolution series. The result is shown in 
Table XIV. In the combination method, only “packs” II, IV 
and VI have any significance as to the progress of the conceiving 
process, for they alone are new cases. Such of the final aver- 
ages as are significant, are shown graphically in Figure VII, 
where it is seen that the advantage of the combination method 
appears immediately and probably increases throughout the pro- 
cess. An apparent exception is seen in “pack” VI. There the 
errors by the combination method suddenly increase greatly and 
considerably exceed those by the simple-to-complex method, 
which itself has increased a certain amount normal to this “pack”’. 
Immediately afterward on the tests, the advantage is restored to 
the combination method. An inspection of the data in Table 
XIV shows that the tendency for the larger score on the sixth 
“pack” by the combination method was shared by the majority 


of the subjects. It is possible that this particular method of - 


evolving concepts may be especially weak at this stage of its 
progress, when it comes to functioning on unusually difficult 
novel situations. In this connection it may be well to recall that 
owing to the technique-employed (p. 19) it is impossible that the 
difference noted should be caused either by differences in diff- 
culty of the material or by individual differences of the subjects 
in rate of learning. 

The results of the experiment may be formulated as follows: 

1. A combination of abstract presentations and concrete ex- 





1A computation of the “unreliability” of this average shows that there are 
only about twelve chances in ten million that the “true” average would not 
show an advantage for the combination method. 


i aS a ae 


Per sa Se ey 














48 CLARK L. HULL 


~*~ 


~ 
i 






Humber of failures to react correctly st first presentation. 
i 
i 








' ' 
1 2 3 4 6 6 Test. 
“Pack” reacted to. 


<umene Combination method 
am an ews implesto-complex 


Ficure VII.—Showing the origin of the advantage of the combination over 
the simple-to-complex method, evolution series, Experiment F. 


amples is upon the whole distinctly more efficient in evolving 
functional concepts than either method alone. 

2. The advantage of the combination method appears at the 
beginning of the process and probably continues to increase ata 
fairly uniform rate through the first two-thirds of the process, 
as far as it was carried in the present experiment. 

3. It may be that at certain stages of perfection,’ concepts 
evolved by the combination method are less efficient in coping 
with new situations of ‘exceptional difficulty than when evolved 


by the simple-to-complex method. 
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The above experiment has considered only one of an important F 
group of problems: Is it more economical to make the abstract | 
presentation at the beginning or end of the process? What is 
the relative efficiency of making the abstract presentation in the 
middle of the process, and having it both preceded and followed 
by concrete cases? Is it better to have the abstract presentation } 
and the concrete cases alternate frequently as above, or to have | | 
the first half of the time devoted to one method and the second | 
half to the other? Would it be better to have the abstract pre- | 
sentation come at the beginning or end of the process? What is 
the most economical distribution of time that could be devoted to 
the two methods in the combination? 

Clearly the above experiment has only broached the problem of 
the economy of abstract presentation. Numerous other problems 
of a similar nature will at once suggest themselves. The ex- 
plorational aim of the present study will have been attained if 
the general economy of the combination method is shown, and 
an adequate and convenient technique for the solution of the va- 
rious subsidiary problems demonstrated. 
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VI 


THE EFFICIENCY OF EVOLVING CONCEPTS FROM A 
SERIES OF CONCRETE CASES WHERE THE 
ATTENTION IS ATTRACTED TO THE 
COMMON ELEMENT JN SITU 


EXPERIMENT G 


Closely related to the method of concept evolution by abstract 
presentation, is that of demonstration. For our purpose den on- 
stration consists essentially in the presentation of a series of 
concrete cases and directing the attention of the subject to the 
essential characteristic of each in its concrete setting. The prob- 
lem before us then is: What is the relative efficiency of evolving 
functional concepts from concrete cases in which the attention of 
the subject is continuously attracted to the significant common 
element, as compared with the ordinary simple-to-complex 
method. 

Only a slight modification of the technique of Experiment F 
was necessary in order to adapt it to the present problem. As 
there, all twelve of the evolution series were arranged in the 
simple-to-complex order with the simple end of the series at 
“pack” one. But with half of the evolution series, e.g., G to L, 
the characters were redrawn so the common element appeared in 
a saturated red, everything else being the same. The redrawing 
was done with great care and the new characters except for the 
color of the common element, were practically identical with the 
originals. It was assumed that the color would attract the at- 
tention of the subject mildly but continuously to the common 
element. Nothing whatever was said concerning the color how- 
ever, the same instructions as usual being given. With half of 
the subjects the process was reversed, series A to F being given 
in the simple-to-complex order with the common element in red, 
and series G to L as normal simple-to-complex. Ten university 
students were used as subjects. 











QUANTITATIVE ASPECTS OF EVOLUTION OF CONCEPTS 51 


The tests reveal a decided advantage in favor of attracting 
attention to the significant common element in situ. The results 


TABLE XV 


Showing the relative number of failures to react correctly on the tests for 
the two methods compared, Experiment G. 


Number of failures to react on test out 
of possible 108. 





Common 

element Common Advantage of 
Sub- in red element Simple-to- common element 
ject Series: in red complex in red 
Wen. A to F 17 58 +41 
Hal. aia Dee 53 63 +10 
Con. pablo 13 41 +28 
Mar. ae SI 61 +10 
Moe. “6k CE 23 27 +. 4 
Bec. G to L 27 42 +15 
Col. RC 21 43 +22 
Mel. 6 66 19 24 +. 5 
Lin. ileal 39 50 +11 
McK. 2 ge Bing 27 15 —I2 
PE 0 caecstinbunresskéeabeubs 29.0 42.4 +13.4 
Bt. Wi atudivaeedbedealanSunweckaken es eT TTTTTTeT Tre eo Pee 10.5 
Be ek ose 1s 6 ceaneneeam eee dane bbedidend ised snc en eeeeeeee 13.7 


of the tests are shown in Table XV. Nine of the ten subjects 
showed a more or less decided superiority where the common 
element was given in red while the average of all yields only 29 
failures to react successfully out of a possible 108 as against 42.4 
by the ordinary simple-to-complex method. This gives a net ad- 
vantage of 13.4 points in favor of attracting attention to the 
common element in its concrete setting.* It does not appear to be 
quite so efficient as the alternate abstract presentation and con- 
crete example (Experiment F) which yielded an advantage of 
Over 17 points at almost exactly the same stage of the normal 
simple-to-complex procéss. But the significance of such small 
differences is not great where the variation is so considerable. 
In this experiment we are again able to get some indication as 
to the relative functional efficiency of the two methods through- 
out the process from the beginning. This is furnished as before 
by the number of failures to react successfully to the evolution 


1A computation of the “unreliability” of the average shows that there is 
only one chance in about one thousand that the “true” average would not 
show an advantage for attracting attention to the common element in situ. 
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TABLE XVI 


Showing the relative efficiency of the respective methods in reacting to the 
evolution series at first presentation, Experiment G. 


Number of failures to react at first presentation 
of evolution series. 








Common 

element Common element Simple-to-complex 
Sub- in red in red method 
ject in Series: I II IIIV V VI I II IIV V Vi 
Wen. A to F C. ae eS eS se ae oe Se ae 
Hal. wi ac Hog so ae Se ae ee ee 
Con. wifes heat Oo 2 ee 4) 8 er eee Se ee 
War. fp Re oie es eS: a 8 ee Se 
Moe. ~saaiee .: oe a ae ae kee Se 
Bec. G to L 6: ¢-3 6 © 2: ae Se ee 
Col. nea 6: Se e: 6 ee ee ee eS St 
Mel. 5 nein bes pe ak i a aa TE ae ee ee 
Lin. omic: 3 ae oe we ee ae ee fe 
McK. ae ee S.® i ae a a ee 
I ied Wek dines cee 6.0 3.9 3.1 16 .« 1.0 6.0 4.3 3.4 3.6 2.0 26 


“packs” at their first presentation. These are shown in detail 
in Table XVI. The final averages by the two methods are shown 
graphically in Figure VIII. There it is evident at a glance that 
the advantage of having the attention of the subject attracted to 
the common element in its concrete setting appears at the very 
beginning of the process and continues to increase until the pro- 
cess is interrupted by the tests. A second important fact brought 
out by this figure is the shrinkage which takes place in the ability 
of the subjects to react to new cases when they pass over from 
where the common element is in red (pack V1) to the tests where 
there is no color to aid them. The shrinkage is not great but 
probably real. In fact it is exactly what one would expect. It 
recalls the marked discrepancy found between the ability to de- 
fine (Experiment E, p. 43) and the ability to react to new cases, 
where the common element had been given outright. It prob 
ably results from a similar cause. 


The results of the present experiment may be briefly formu- 
lated as follows: 


/ 1. There is a distinct advantage in evolving concepts from 


concrete cases in the simple-to-complex order where the attention 
of the subject is attracted to the essential common element in situ, 
over the normal simple-to-complex method. 
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Number of failures to react correctly at first presentetion. 











$ ! | H é feet. 
“Pack” reacted to. 


amuse Attention attracted to common élement in sita. 
on aw aw S imple-to-complex. 


Figure VIII.—Showing the origin of the advantage of calling attention to 
the common element in situ, evolution series, Experiment G. 


2. The advantage appears at the beginning of the process and 
increases continuously as far as it has been investigated. 

3. There is a mild shrinkage in functional ability when the 
subject passes from the artificial material to normal experiences, 
but there still remains a substantial functional advantage in at- 
tracting attention to the common element while in its concrete 
setting. 

As in previous chapters, the problem here investigated is only 
one of a group. What would be the effect of calling the subject’s 
special attention to the red strokes as being the common element? 
Would the present method be improved by alternating it with 
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normal concrete cases somewhat as in Experiment F? Would it 
be better in such a case to have the normal concrete case precede 
in the series, or follow, or both? Would the addition of the 
naked common element to the combination be an advantage or 
not? If so in what position would its advantage be greatest? 

As pointed out at the end of the last chapter, the aim of the 
present study is attained if the general economy of the method 
is shown and an adequate technique indicated for the solution of 
the numerous problems of a related nature which it suggests. 
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THE EFFICIENCY OF EVOLVING CONCEPTS AS A 
FUNCTION OF THE THOROUGHNESS OF FAMIL- 
IARITY WITH THE CONCRETE CASES 


EXPERIMENT H 


An important factor in all kinds of learning is the matter of 
thoroughness. Theorists have not been as specific in their treat- 
ment of this factor in relation to the evolution of concepts as 
upon some of the matters discussed in the previous chapters. 
There seems however to be quite a general belief that a thorough 
mastery of each concrete case involved in the evolutionary process 
will be specially conducive to efficiency in coping with new situ- 
ations. This accordingly determines our problem: In the evo- 
lution of functional concepts, is it more economical to have an 
evolution series made up of six concrete cases each experienced 
moderately well, or to have half as many concrete cases each ex- 
perienced twice as well? 

Only a moderate variation of the general method used in the 
previous experiments was required in the present problem. The 
characters of the evolution series were rearranged so that all the 
“packs” were of presumably equal difficulty. This at the same 
time largely eliminated the simple-to-complex arrangement shown 
in Plate I. It was done in the following manner: If the num- 
bers from one to six represent increasing complexities of the 
characters as arranged, e:g. in Series A, Plate I, the new arrange- 
ment may be conveniently represented in the following table: 


Pack Pack Pack Pack Pack Pack 


I II III IV V VI 
Series A I 2 3 4 5 6 
oe ae 2 3 4 5 6 I 
in,” 3 4 5 6 I 2 
wae 4 5 6 I 2 3 
a 5 6 I 2 3 4 
7 6 I 2 3 4 5 
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A glance at the table shows that every “pack” contains one char- 
acter of each of the six grades of complexity and that all are 
consequently of approximately equal difficulty. The other six 
evolution series (G to L), were rearranged in an exactly similar 
manner. 

A second modification of the technique previously used was 
to make the characters in “packs” I, III and V do double service. 
The characters of each of these “packs” were learned as nor- 
mally but also a second time in place of the characters normal to 
the “pack” following—lII, IV and VI respectively. That is, the 
characters normal to “pack” I would be used both in “packs” I 
and II, characters normal to “pack’’ III would be used both in 
“packs” IIT and IV, characters normal to “pack’’ V would ap- 
pear both in “packs” V and VI. The characters normal to 
“packs” II, IV, and VI of course did not appear at all. A uni- 
form time of nine exposures was given to each “pack.” Thus in 
evolution series G to L, 54 exposures were equally divided among 
six concrete cases while in series A to F, 54 exposures were 
equally divided among three concrete cases. In the first case 9 
exposures were given to each concrete case which we shall re- 
gard as “moderate” familiarity, while in the second case 18 ex- 
posures or twice as many are given to each concrete case, which 
is regarded as “thorough” familiarity. 

As usual in order to equalize any possible difference in the 
difficulty between the two groups of concept series, the process 
was reversed with half of the subjects. In this case G to L be- 
came the “thorough” series and A to F the “moderate” series. 
In order to equalize any difference in difficulty existent between 
the characters included in the “thorough” series and those ex- 
cluded from it, with part of each group of subjects, the characters 
of “packs” II, IV and VI did double service, those of “packs” I, 
III, and V being excluded in this case. 

The subjects in this experiment were scholarship students from 
the University High School. They ranged from 13 to 18 years 
of age. 

The tests revealed a small but fairly consistent advantage in 
favor of the method of “moderate” familiarity. The results are 
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TABLE XVII 


Showing the relative efficiency on the tests of the methods of evolving con- 
cepts respectively by “moderate” and “thorough” familiarity with the 
concrete cases, Experiment H. 


Failures to react on the tests out 


of a possible total of 108. 
In “thorough” 





method, 

characters Advantage 
Sub- “Thorough” used from “Moderate” “Thorough” of 
ject method in: “packs” : method method “moderate” 
Hug. Series A to F I, III, V 61 76 +15 
McC, “ acti “ “ “ “ “ 59 60 — I 
Hay. “ ‘< “ “cc “cc “ec “ 95 04 al I 
H. S. eS eee II, IV, VI 88 74 —I4 
Cal. “ “ “ 6“ < “ “ 55 83 +28 
Fit. Series G to L & ik. Vv 56 71 +15 
Eps. ‘“e “GOS ‘“ ““ “ 68 72 + 4 
Pag. ‘“ o.a: 4 rT ‘sé rT 35 77 +42 
L 3S. 7 eS. Ta ee 28 69 +41 
Don. “ “ 6 6 ‘6 ‘6 ‘6 77 89 +12 
PE vccccdehetiiens as cdvensabagkedesnss 62.2 76.5 +14.3* 
MN 600 00.0 sbvawdewiviaetscewkdedtancssandsdsvevacedeeeeeee 13.9 
S. D. 


, einiene tae Galaieine ab C een iinn 66680 k ye eeq etiam 17.3 
1A computation of the “unreliability” of this average shows that there is 


only about one chance.in 220 that the true advantage for the “moderate” 
method would be less than zero. 


shown in detail in Table XVII. Eight of the ten subjects gave 
a more or less decided advantage for the “moderate” method. 
All the subjects taken together give for the “moderate” method 
an average of 62.2 failures to react correctly out of a possible 
108, while the “thorough” method shows an average of 76.5 
failures, a difference of 14.3 points in favor of the “moderate” 
method. 

The conditions of the experiment permit us to secure a limited 
view of the origin of this difference throughout the evolution 
series. Table XVIII shows in detail the number of failures to 
react at the first presentation of the various “packs.” It will of 
course be noted that the scores in “packs” II, [V and VI of the 
“thorough” series are not significant because each character in- 
volved has been experienced nine times in the previous “pack”’ 
though in a different order. This accounts for the extremely 
small number of failures in each of these “packs.’’ Their non- 


significant nature is therefore indicated by inclosing them in 
parentheses. 
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The final significant averages of the two methods are shown 
graphically in Figure IX. It is evident that the advantage of the 
“moderate” method is not a temporary matter but dates from 
the very beginning of the process. A second feature of interest 
in Figure IX is the fact that the lower or thorough curve shows 
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Number of failures to react correctly et first presentation. 











"Pack" reacted to. 


omens "Moderate” method. 
oe "Thorough" method. 


Figure [X.—Showing the origin of the advantage of the “moderate” meth- 
od over the “thorough” method, evolution series, Experiment H. 


almost no rise whatever at “pack’’ III after a total of eighteen 
exposures. This is much less than might be expected from only 
nine or half as many exposures. It suggests that at this stage of 
the process, the additional nine exposures did more harm than 
good, at least in terms of immediate functional efficiency. 
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The results of Experiment H may be summarized as follows: 
1. A moderate amount of time spent upon each of six con- 
crete cases is perceptibly more efficient in the evolution of func- 


TABLE XVIII 


Showing the comparative functional efficiency of “moderate” vs. “thorough” 
familiarity in reacting to the “packs” of the evolution series at 
first presentation, Experiment H. 


The number of failures to react correctly at first 
presentation of “packs”. 








“Thorough” 

Sub- method “Moderate” method “Thorough” method 
ject in Sestes:s I TT TI IV V VI iI GG tt ev: ae 
Hug. Amr 65 366 4. ¢ @®@ € @ se = 
McC. oe See eS Ee eS CO: Ol eae 
Hag. Se ae Ge Ges Gy Be By Ge ee 
EB. S. ee e ¢. 6: es 6. (): @ tee 22 
Cal. oe 6 ¢@ 4 8. 3 4 © & ££ ae oo 
Fit. Gia: @) €@ 2° 424.@2:¢6¢ es (1), .. ( 
Eps. oa *@ = ££ £8 © eS 2 ae. 
Pag. ogee Ee SS Oe 2a oe 
L. S. . G 4 £24 9.32 ¢ eos 
Dan. _,  @: CC Se Sf } 6 ree ae Ss fe 
pO ee 6.0 5.6 5.1 4.6 46 43 6.0 (3.8) 5.9 (1.5) 4.7 (1.1) 


tional concepts than twice as much time spent upon each of three 
concrete cases. 

2. This superiority appears at the outset and is maintained at 
least through the first third of the process, as far as investigated 
in the present experiment. 

One or two critical observations may be made at this point. 
In varying the thoroughness of familiarity, we have also varied 
the number of cases. Does this introduce the uncertainty of in- 
terpretation due to two variables? While interesting from the 
standpoint of logical theory, the objection is of no practical im- 
portance because the two “variables” are so rigidly related that 
they act essentially as 4 single factor. 

Of more importance is the question as to why the “thorough” 
method should prove less efficient? The reason seems to be that 
the eighteen exposures of the “thorough” method carried the 
process of generalizing abstraction as regards the individual con- 
crete example, farther into the region of “diminishing returns” 
than the nine exposures of the “moderate” method. This raises 
the farther question as to how early in the experience with a given 
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concrete example, the period of “diminishing returns” sets in. 
Or more generally, what is the curve of the contribution of a 
single concrete example to generalizing abstraction, in terms of 
time? The writer ventures a guess that it may rise rapidly to a 
maximum very early after which there may be a protracted period 
of “diminishing returns” which may even pass into a nugative 
value. No doubt this may differ with different material and 
possibly with different individuals. If the maximum is reached 
before the ninth exposure, the “moderate” method will triumph. 
If it is reached during the second nine exposures, the “thorough” 
method must win. This suggests a number of important prob- 
lems for future investigation. 
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THE EVOLUTION OF FUNCTIONAL CONCEPTS AS 
RELATED TO THREE TYPES OF ABNORMAL 
MENTALITY 


EXPERIMENT I[ 


In the search for quantitative individual differences in the 
mode of evolving concepts, two general lines of procedure are 
open. One is to compare the performances of various normal in- 
dividuals with one another and note the differences. A second 
way is to compare the performances of minds known to be char- 
acteristically different from the normal and from one another. 
The latter method was adopted in the present experiment as most 
likely to reveal striking individual differences if such exist. It 
was hoped that an experiment of this kind in which several of the 
higher mental processes could be conveniently measured without 
seriously disturbing the others, might throw some light both 
upon the process of generalizing abstraction on the one hand, and 
upon the state of some of the higher mental processes among 
characteristic types of insanity, on the other. The types of 
mental abnormality selected for the purpose were (1) constitu- 
tional inferiority, (2) dementia precox and (3) paresis. 

The method employed requires little comment. It was es- 
sentially the same as that used in Experiment A (p. 9 ff.). The 
only exception was that in order to secure incidentally a measure 
of the power of retention, one week was interposed between per- 
fecting the reaction to “pack” I and beginning work on “pack’’ 
Il. At the end of the week and just before beginning work on 
“pack” II, a test was made to see how many of the characters of 
“pack’’ I were still retained. After this they were relearned until 
the score had reached the same excellence as when work was 
stopped a week previously i.e., a perfect score on two successive 
revolutions of the drum. This was done both to secure an addi- 
tional measure of the retentiveness and to bring the mind into a 
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state approximately similar to that when the work was inter- 
rupted a week previously. 

Eight subjects were used in the experiment. They consisted 
Ee of three constitutional inferiors, three dementia precox and two 
| paretics.. They were all patients of the Wisconsin State Hos- 
pital for the Insane, at Mendota, Wisconsin. They were very 
f carefully selected from a group of over eighty individuals who 
had been previously experimented on at some length in an effort 
to adapt the Binet-Simon tests to the determination of the extent 
of intellectual degeneration among the insane. The eight se- 
lected from the larger group for the present experiment were 
ip chosen upon a joint basis of tractability under experimental con- 
if ditions, of furnishing relatively clear types of their respective 
| diseases, and of an approximately equal intellectual level. The 
ue : latter was determined by the very careful mental tests to which 
they had been subjected. The level chosen was roughly the abil- 

ity to pass from thirty-five to forty of the Binet tests (Goddard’s 

revision). Upon trial it was found impossible for paretics of 

this grade of general intelligence to learn the reactions required 
A by the experiment, so a new group of paretics was secured hav- 
ing an intellectual ability sufficient to pass from forty-eight to 
fifty of the tests.” 

The patients had all become more or less accustomed to ex- 
: aminations from those ordinarily given by the hospital physicians. 
| Through having received the Binet tests, they had also become 
: fairly accustomed to the writer in an experimental capacity. He 
frequently met them in the wards and in general cultivated easy 
friendly relations with them. All appeared to codperate very 
willingly in the experiment and showed a distinct interest in its 
progress. The experiments were carried out in an ordinary pa- 
tient’s room in one of the quietest wards of the hospital. The 
size and lighting of the room and the position of the apparatus 
were very similar to those of the psychological laboratory pre- 
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1 Brief case histories of these patients are given in Amer. J. of Psychol., 
Vol. XXVIII, pp. 419-435. A third paretic was included in the original plan, 
but he proved to be a poor subject and was finally excused. 

251 was found to be the median number of tests passed by normal adults 
of about the same age and station of life. The so-called “wide range” method 
of testing was employed. 
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viously described (p. 21). Especially frequent rest periods were 
given the subjects to prevent fatigue. 
The results in general show the insane to be distinctly inferior 


to normals in the formation of associations and in generalizing 
abstraction, but apparently fully equal in retentiveness~Ofas-~ 


a eT 


sociation once. they are formed. The data concerning the for- 
mation and retention of associations with these subjects has 
been fully discussed elsewhere (3).* The performance of the 
abnormals on the tests is shown in Table XIX. The normal sub- 
jects with whom they may be compared most appropriately are 
those of Experiment A. The corresponding data for these latter 
subjects has been given (though in a divided form) in Table I 
(p. 23). The average of all the abnormals is 127.4 failures to 
react out of a possible 216 as against 74.3 for the normal sub- 
jects. Two abnormal subjects reach the mean of the normals 
but no normal subject does as badly as the mean of the abnormal 
subjects. 

The superiority of the normals appears much more striking 
when the amount of time required to produce the respective 
scores is taken into consideration. This is shown in detail for 
the abnormal subjects in Table XX. The final averages for the 
normals of Experiment A have already been given on p. 30. The 
two sets of averages are shown graphically in Figure X. There 


TABLE XIX 


Showing the grade of intelligence and the number of failures to react suc- 
cessfully on the tests, out of a possible 216, Abnormal 
subjects, Experiment I. 
No. failures 





to react 
Type of No. Binet successfully 

Subject abnormality tests passed on tests 
Bur. const. inferior 37 73 
Sch. ” . 38 146 
Syg. : M, 35 135 
Don. dementia precox 37.5 118 
Jack. * “ 40 130 
Jaco. ” " 47.5 75 
Har. paresis 48 159 
Sau. . 50 183 
OTE a wate dd ncdnncan ch dacs s ccdides Keccvasstesateabnele 127.4 


8In addition, the fluctuations at the threshold of recall was found to be 
about twice as profound with the insane as with normals. 
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it appears at a glance that the time consumed by the abnormals 
particularly in perfecting the reaction to “pack” I is many times 
that of the normals. The total time spent by the abnormals is 
nearly four times as great as that spent by the normals. The 
single figure expressing the ultimate efficiency of the two groups 
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Number of minutes required to perfect reaction to ‘packs". 
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Figure X.—Showing the number of minutes required by the normals and 


the abnormals respectively in perfecting the various reactions, evolution 
series, Experiment I. 


of subjects is the number of successful reactions on the tests per 
unit time spent on the evolution series. It is: 


POM oii cccucudiabatesis .45 successes per minute spent. 
POON <3 Noein 2.81 8 “ “ ‘6 


or over six times as great for the normals as the abnormals. 
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Disregarding the differences in amount of time consumed, the 
number of failures to react successfully at the first presentation 


TABLE XX 


Showing the number of minutes required by each abnormal subject to perfect 
the reaction to each of the “packs” of the evolution series. 


Minutes per “pack” 





Subject I II _- ic eee 
Bur. 89 =. 29 7 7 9 14 
Sch. 170 38 17 17 16 18 
Syg. 72 18 II 13 7 12 
Don. 45 12 7 7 II 8 
Jack. Se: ae a eee 
Jaco. ee 8 7 9 7 
Har. 200 42 28 25 27 19 
Sau. 150 32 23 25 4! 22 
Average ..... 102 27 18 17 17 14.3 


of the successive evolution “packs” offers us a convenient indi- 
cation of the origin of the differences in efficiency found between 
the two groups of subjects. These data for the abnormals is 


TABLE XXI 


Showing the number of failures to react successfully at the first presentation 
of the evolution “packs,” Abnormal subjects, Experiment I. 





“pack” “pack” “pack” “pack” “pack” “pack” 
Subject I II III IV V VI 
Bur. 12.0 12.0 4.5 3.0 4.5 4.0 
Sch. 12.0 10.0 8.5 10.0 8.0 10.0 
Syg. 12.0 10.5 9.0 9.5 8.0 9.5 
Don. 12.0 8.0 7.0 8.0 5.5 6.0 
Jack. 12.0 II.0 10.0 8.0 10.5 8.5 
Jaco. 12.0 7.0 7.0 5:5 4.5 5.0 
Har. 12.0 10.5 11.0 9.0 9.5 9.0 
Sau. 12.0 12.0 12.0 11.0 12.0 10.0 
Average. 12.0 10.1 8.6 8.0 7.75 7.6 


given in Table XXI. Corresponding data for the normal sub- 
jects of Experiment A are given in Table II though in a slightly 
different form. The corresponding averages for the normals 
computed from Table II are: 


“pack” “pack” “pack” “pack” “pack” “pack” test 
I II III IV V VI 
12 8.7 7.6 6.3 5.5 5.0 4.1 


The two sets of averages are shown in Figure XI. From these 
curves it is evident that the abnormals follow the same general 
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Number of failures to react correctly at first presentation. 
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Figure XI.—Showing the origin of the advantage of the normals over the 
abnormals, evolution series, Experiment I. 


course of improvement as the normals but from the very begin- 
ning there is a continuous and uniform divergence of the two 
curves, the normals steadily outstripping the insane. 

At the conclusion of the tests the insane subjects were re- 
quested to draw on a suitable blank their idea of what a character 
must be in order to be called by the various names. Only a few 
scrawls were obtained. In general there appeared an almost 
total inability to define in this sense. Results obtained from nor- 
mals in the previous experiments indicate in a general way that 
this may be one of the most striking and significant differences 
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existing between normals and the “insane.” No particular dif- 
ference in this respect was discernible among the various types 
of abnormals included in the present study. 

The results of the present experiment may be briefly formu- 
lated as follows: 

-1. Constitutional inferiors, dementia precox and paretics show 
a great disturbance in the power to form association. This dis- 
turbance is distinctly more marked with the pareties than with 
the other two groups. 

2. Once associations are formed, however, the three types of 
abnormals appear to retain them as well as normals. 

3. The average rate of evolving functional.concepts is only 
about one-sixth as rapid for the abnormal group as for the nor- 
mal group. The advantage of the normals appears at the be- 
ginning of the process and increases continuously as far as the 
experiment carries it. 

4. There is an almost total lack in the abnormal group of abil- 
ity to define the concept by drawing, whereas the normals ordi- 
narily show considerable ability at about the same stage of the 
evolutionary process. 

Of the above four conclusions, the first probably depends 
largely on faulty attention. If one may judge from the actions 
of the subjects however, there was no lack of attention in the 
sense of effort or will to attend. The second probably reflects 
a physiological condition of stability of the synaptic connections. 
The slow rate of evolving concepts is probably largely a function 
of the slow rate of forming associations though this does not ac- 
count for all of it, since the disturbance is considerably greater 
in the former than the latter. The practical inability to define 
concepts which have a proven functional efficiency as contrasted 
with normal subjects, may be related to the great role which the 
subconscious plays in the abnormal mind. This last point offers 
perhaps the most fruitful suggestion for a future investigation. 
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IX 


THE RELATIVE RATE OF EVOLUTION OF FUNC- 
TIONAL CONCEPTS AT THE SEVERAL STAGES 
OF THE EVOLUTIONARY PROCESS 


Practice-curves for various kinds of learning have long occu- 
pied the attention of experimental psychologists. The form char- 
acteristic of ordinary associative learning is well known (5, 575). 
Relatively little is known however of the characteristic course of 
the more complex forms of learning. A recent writer indeed 

found it necessary to conjecture as to the probable form of the 


(curve for analytical learning (15, Il, 344). It therefore be- 


comes desirable to determine the curve for generalizing abstrac- 
tion as one of the most characteristic of the more complex learn- 
ing-processes. A number of lines of evidence converge upon 
this problem. 

In the previous chapters we have shown numerous curves which 
purport to represent quantitatively the course of generalizing ab- 
straction. It is obvious that for our present purpose the curve 
must be plotted strictly on a basis of time spent in the process. 
None but Figures V and VI fulfil these conditions. Owing to 
the peculiarities of the material employed, a composite curve 
from each figure suits our present purpose better. The two 
curves thus obtained are shown in Figure XII. In addition the 
curves from Figures I and III may be reduced to approximately 
similar conditions, in which case they resemble very closely those 
shown in Figure XII. So far as they go, these curves present 
no obvious difference from the conventional practice curve for 
ordinary associative learning. 


EXPERIMENT J 


A preliminary experiment designed only partly for the present 
purpose has an indirect bearing upon the problem. The char- 
acters in the column marked “Evolution Series” in Plate IIT were 
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Ficure XII.—Curves of generalizing abstraction, evolution series, Experi- 
ments C and D. 


exposed to subjects in an endless series for periods of two sec- 
onds each with a blank period of two seconds between exposures. 
The subject was directed to find the strokes common to the va- 
rious characters as quickly as possible. When he thought he had 
found anything, the apparatus was stopped upon the following 
blank space, and the subject drew what he believed he had found. 
The exposures were then resumed until he thought he had made 
another discovery when a new and more perfect drawing was 
made. Record was made of the number of exposures between 
successive drawings. A simple practice-experiment was given as 
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Normal School students acted as subjects. 


Drawings showing. the successive stages of the provess of 
generelising ebstrection, Experiment I. 


Brolution Sub- Sud- 6Budb- Sud- Sub- sub- Snd- 
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a preliminary, the results of which were discarded. 





Characteristic results of the experiment are shown in Plate ITI. 





| The average of all the subjects shows that it took 14 exposures 
i to make the first discovery, 45 more to make the second dis- 


covery, I11 more for the third and 187 more for the fourth. 
Clearly a longer and longer time is required for each successive 


° ; ° 

ve discovery and the increase follows a very definite law. 

i successive discoveries be assumed to have equal increments of 
difficulty, we may obtain from these figures a kind of curve of 


generalizing abstraction (Figure XIII). 


That this systematice increase in the time required to discover 
the successive strokes is primarily an expression of the mind do- 


ing the abstracting rather than of the difficulty of the characters, 
is shown by the fact that the characters are of a fairly uniform 


1 This curve is in no strict sense comparable with those of Figures XII 
and XIV. 
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Ficure XIII.—Curve of generalizing abstraction by the method of Ex- 
periment J. ° 


gradation in difficulty. This in turn is shown by the distribution 
of variation in their order of discovery. (Table XXIII.) 


TABLE XXIII 


Showing the number of times that each stroke was discovered first, second, 
third and fourth respectively. 


Ist. 2nd. 3rd. 4th. 
Oo 


Long diagonal stroke............... 10 6 re) 

EL ccecnenveunteveksdend 4 6 3 3 
CID. cccaonsnewacaveeeunwe 2 4 6 4 
Short diagonal stroke.............. re) oO 7 9 


Moreover it is also clear from Table XXIII that the short 
diagonal stroke is, upon the whole; the most difficult one. It so 
happens that seven subjects discovered this stroke third, and dis- 
covered either the second or the third stroke last. Here then we 
have the inherent order of difficulty operating against the ten- 
dency in question. Yet these seven subjects give the following 
averages: 


IO, 22, 53, 86. 
The tendency is still present showing clearly that the increased 
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time required for each succeeding discovery isa function of the 


mind making the discovery. 


EXPERIMENT K 


The inadequacies of the above methods of securing a curve of 
generalizing abstraction are numerous. Experiment J obviously 
does not yield a functional measure. In addition it suffers from 
most of the disadvantages urged against the method of Fisher 
(p. 7). The method of Experiments A and D suffer from a 
distortion of the score owing to certain inequalities of the char- 
acters of the various “packs,” the long intervals between meas- 
ures, the small number of measures at each interval, the un- 
finished state of the curve and the necessary combination of many 
individual records into a single composite curve. To remedy 
these defects a new experiment was set up which involved the 
construction of an entirely new apparatus. 

The new apparatus was built very much after the plan of the 
one used in the previous experiments. Instead of holding a 
small number of cards, the drum bore a long band which hung 
suspended from it and upon this an indefinitely large number of 
characters could be attached. The band of white oilcloth, two 
inches wide, was placed with the rough side toward the subject. 
Small spurs on one edge of the drum engaged eyelets in the 
band to insure accurate movements. The characters of Plate I 
were photographed, printed on a matt surface in exactly the 
same size as the originals and glued to the band at proper inter- 
vals. They were put on by “packs” in the order I to XII. The 
order of characters within each “pack’”’ was determined by chance 
except that two characters by the same name should not be too 
close together at the joining of two consecutive “packs.” The 
144 characters required a band over twelve feet long. The ap- 
paratus was elevated so that the band when joined at the ends 
and suspended from the drum, just cleared the floor. A screen 
of gray cardboard was built in front of it. This had a small 
square hole cut just on a level with the subject’s eyes so as to 
expose a single character. Suitable guides were provided to keep 
the characters close to the aperature and to prevent vibrations 
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while being viewed. The shifts from one character to the next 
were practically instantaneous as in the previous experiments and 
the exposures were likewise five seconds each. 

The subject was instructed to learn as quickly as possible the 
names of the characters which would appear at the “window,” 
so that he could pronounce them at sight. He was told plainly 
that there were several “families” of characters, that the members 
of each “family” bore a certain family resemblance and also bore 
the same name.” It was explained that he would be prompted in 
the middle of each exposure, that he was to repeat the name when 
prompted, and that he was to attempt to name the characters for 
himself as soon as he had any indication as to what the name 
might be. It was pointed out that errors were not considered in 
the score but success only, and that on the long run reactions to 
even faint suggestions would materially improve the score. The 
results were recorded much as in the previous experiments only 
on a large special blank prepared for the purpose. 

By the above technique, every one of the 144 characters was 
seen before the first was exposed a second time. This consumed 
twelve minutes of vigorous mental activity. It thus came about 
that when the characters began returning they were not recog- 
nized individually at all. Consequently very little or no learning 
of the individual characters took place and the improvement in 
the score was due almost entirely to the progress of generalizing 
abstraction. By taking the average score for a period of twelve 
minutes we have 144 judgments which gives us a very reliable 
indication of the status of the process for the period. The diffi- 
culty of the material from point to point on the curve is not only 
uniform but identical. We may carry the process to any desired 
degree of perfection. And we not only can secure a reliable 
curve of generalizing abstraction from a single person but also 
for any single one of the twelve individual concepts evolved by 
that person. 

Eight subjects in all were used in the various forms of this 
experiment. Their records appear in Table XXIV. The first 


2 We here departed from our policy of avoiding deliberate abstraction in 
order to escape any unnecessary delay at the beginning of the learning which 
might of itself produce the “initial plateau,” to be mentioned presently. 
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four subjects did the experiment exactly as described above. 
Subject Pil. did it the same except that drawings and introspec- 
tions were taken at frequent intervals. Subject Wil. had a prac- 
tice experiment on some other material of the same type before 
making the present record. The last two subjects (Coa. and 
Pea.), did the experiment using only the first 72 of the charac- 
ters used with the others, i.e. only the characters of “packs” I to 
VI. In this case the characters were somewhat smaller than the 
originals, they were glossy, and the subjects were not told any- 
thing about the “family” resemblances. The results for the first 
three subjects are by 12-minute periods, for the rest by six-minute 


periods. Three characteristic curves from this table are shown 
in Figure XIV. 
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Ficure XIV.—Showing typical (composite) curves of generalizing ab- 
straction, Experiment K. Time-intervals for subject Cha. were twelve min- 
utes ; those for the others, six minutes. 


Even to a casual observation these curves present a marked 
contrast to the curves hitherto examined, as well as to the con- 
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ventional curves of learning. Without exception all eight sub- 
jects begin with a period of slow learning which increases rapidly 
until at an efficiency near one-fourth it reaches a maximum. Af- 
ter this its rate gradually decreases until as perfection is ap- 
proached its advance becomes very slow indeed. It is also inter- 
esting to note what a variety of conditions yields this type of 
curve. It seems to matter not whether the subject knows at the 
beginning that he must isolate certain common elements, whether 
there has been preliminary practice, whether definitions are re- 
quired, whether learning is fast or slow, or whether the curve is 
plotted by six or twelve minute periods. There is in all cases a 
brief initial plateau, then a rapid rise, followed by a protracted 
period of slower and slower learning. 

But the ultimate curve of generalizing abstraction has not yet. 
been reached. This is the curve of the evolution of a single con- 
cept. As suggested above, the flexibility of our technique enables 
us to secure this with ease by retabulating the data from which 
the figures of Table XXIV were secured. It will be remembered 
that the latter are really composite results from twelve individual 
concepts. The curves of individual concepts thus obtained, while 
showing characteristic differences from any found thus far, agree 
in the main with the curves which they make in combination. 
They differ in the more bold and striking manner of their em- 
phasis of the peculiarities noted in the latter. In general the 
initial plateau tends to be more absolute, and when the break 
comes it is apt to be more abrupt. The period of diminishing re- 
turns is usually present but not in every case. Typical results 
from such a retabulation of the data for subject Cha. are shown 
in Figure XV (cf. the corresponding composite curve for this 
subject, Figure XIV). 


CONCLUSIONS 


We may formulate the results of our investigation of the curve 
of generalizing abstraction as follows: 

1. The_average functional improvement of a group of rela- 
tively homogeneous concepts all of which are evolved simultan- 
eously, begins with an initial plateau or brief period of positive 
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acceleration. The rate of improvement tends to reach its maxi- 
mum near the end of the first fourth of the process. Foilowing 
this comes a more or less protracted period of negative acceler- 
ation which is terminated by the arrival at maximal efficiency of 
the concepts, 

2. The functional improvement of the individual concept fol- 
lows the same general course as the composite curve. The initial 
plateau is apt to be somewhat more protracted and absolute and 





) E the change from this to a period of rapid improvement tends to 
fe be much more abrupt (13, 51; 15, II, 342 ff). The period of 
negative acceleration may be much abbreviated or entirely lack- 
ing, though with material of considerable difficulty it may be 
greatly extended. 
The above statements clearly apply only to concepts evolved 
under conditions very similar to those of Experiment K. All 
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methods agree as to the concluding period of diminishing re- 
turns. It is impossible to tell whether the initial plateau exists 
under the conditions of Experiments A to D. It probably could 
not appear in the results there even if it did, owing among other 
things to the fact that no point is located on the curve soon 
enough to show it. While both experiments duplicate important 
natural life processes, they are sufficiently different to make it 
unnecessary to assume the presence of the initial plateau in the 
latter process even if invariably present in the former. 

The relative novelty of the initial plateau among learning 
curves makes it of interest to speculate as to its cause. The most 
probable explanation seems to be that in the compound process of 
generalizing-abstraction (12, 8) the abstraction (seeing the ob- 
ject in parts) must take place to a certain extent before general- 
ization can begin® and that the score reflects only the progress of 
the latter process. Trial and error would also undoubtedly con- 
tribute to the same end. 

The period of diminishing returns probably results from a 
multiplicity of causes. One is that chance hits upon significant 
elements must grow progressively less as the undiscovered sig- 
nificant elements grow less. A second factor is probably that 
when a concept is evolved to the extent of affording means for 
coping with some of the new situations presenting themselves, 
effort will largely cease on the successful occasions, which will 


progressively diminish the total amount of effort given to the 
process. 


8 This is indicated by a number of introspections obtained at the end of 
the process in our experiments. See Moore, op. cit., p. 120. 
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QUALITATIVE ASPECTS OF THE EVOLUTION OF 
CONCEPTS 


EXPERIMENT L 


We have already seen as an incidental product of Experiment I, 
(Plate III), what might be called serial cross sections of the con- 
cept throughout its process of evolution. The limitations of that 
form of experimentation have been pointed out. It was thought 
desirable therefore to secure similar cross sectional views from 
a more normal process of concept evolution. A very convenient 
means was immediately at hand in the technique used in the ex- 
periments described in the past chapters, particularly Experi- 
ments B and K. 

In the first part of the present experiment the general tech- 
nique of Experiment B was followed. But instead of limiting 
the evolution series to six “packs” as previously, it was extended 
to include all twelve “packs” (Plate I). At the conclusion of 
the learning of the second “pack,” the subject was given a blank 
containing the names of the various concepts and asked to draw 
with as much care as possible, the strokes which a character must 
have in order to be called by the respective names. Four uni- 
versity students served as subjects in this part of the experiment. 
A typical series of such drawings are shown in Plate IV. Two 
other subjects repeated the experiment according to the general 
technique of Experiment K. They were called on for drawings 
usually every six minutes throughout the process. No difference 
was discernable between the drawings obtained by the two latter 
methods despite the differences in the form of their respective 
curves of learning. 

In examining the drawings obtained for all three methods per- 
haps the most striking characteristic is the extremely gradual way 
in which the concepts come into existence. This is particularly 
true of the concepts evolved by the more natural methods (Plate 
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Puiate I1V.—Showing serial cross sections of the evolution of twelve con- 
cepts in parallel, Experiment L. 
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a IV). Itis true that in some cases (Series D) where the common 
a element is very simple, it may be almost or quite perfect at its 
first appearance. In such cases however it is apt to be accom- 
panied by certain excess or non-essential characteristics. But 
again where the common element is seemingly very simple it may 
come to consciousness only in the most halting and gradual 
; manner (Series C). The evolution of a rather complicated con- 
cept is shown in Series F and perhaps even better, by Series H. 
A second interesting characteristic shown by this investigation 
is a tendency to transmute_an essentially erroneous first notion of 
a concept by almost imperceptible degrees into its true form. This 
also is admirably illustrated by Series H, and many other ex- 
amples are scattered through the records of the various subjects. 
The subsequent transformations are not unlike the transforma- 
tions which the common philosophical and religious concepts have 
undergone in the history of thought. 
The third and most important fact which emerges from the 
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examination of the cross-sectional views of the concepts in the 
course of evolution is the enormous role of “trial and error” in 
the process (9, 80). This appears clearly by all three methods. 
It is shown in an objective way by the continual appearance of 
false strokes which disappear again after a more or less pro- 
tracted existence. This objective evidence is confirmed in a cer- 
tain sense by introspective accounts given by the subjects at the 
conclusion of the process. The present writer is strongly of the 
opinion however, that this conscious trial and error so revealed is 
largely spurious. It is believed that this deliberate seeking of 
the common element which appears in a gross way in the work of 
Moore, Griinbaum, Fisher, in our own Experiment J, somewhat 
less in Experiment K and to a slight extent in the other experi- 
ments, is largely an artifact resulting from experimental tech- 
nique, so far as the spontaneous process of generalizing abstrac- 
tion is concerned. The following brief analysis of certain inner 
aspects of the process may serve to make clear our notion of the 
real nature of the trial and error element. 

1. Let us suppose that we have a concept evolution series in 
which each case is experienced until the reaction is perfected be- 
fore passing on to the next. Let the various characteristics of 
the first situation be represented by the letters a, b, c, d and the 
required reaction by m. Now in perfecting the reaction, associa- 
tive bonds must be set up between m and the situation a bc d. 
Certain parts of the situation will become focal in consciousness 
because they have greater attention values than other parts. Let 
a be the focal characteristic, b the secondary characteristic, c and 
d marginal characteristics. Accordingly a major bond will ex- 
tend from a to m, a secondary bond from 6} to m, and minimal 
bonds from ¢ to m and from d to m. But since there is nothing 
to indicate which characteristics of the situation are the really 
significant ones, the distribution of the various bonds must be 
largely a matter of chance. 

2. At the next situation which requires the reaction m, the re- 
sult will vary greatly according to whether the significant ele- 
ment in the m-series, turns out to be a, b or c. Suppose it is a. 
Then we may represent the new case by a e f g. In this case 
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the major bond from a to m will function, the reaction m will 
take place more or less promptly, and the bond from a to m will 
be strengthened by use. The process in this case is most simple. 
The chance trial has proven a success. 

3. The opposite extreme is found where the significant element 
of the m-series turns out to be c. In this case we may represent 
the new situation by ce f g. The bond from c to m is subliminal. 
Associations must therefore be established between m and c ef g 
before the reaction can be perfected. No doubt the process will 
be somewhat complicated by the previous set of major bonds 
leading to m, which may be expected to have certain inhibiting 
influences upon the formation of other bonds (5, 580). But as 
before the bonds when finally formed may be expected to consist 
of one major bond and other bonds of rapidly decreasing 
strengths. Again also the attention values of the various char- 
acteristics of the new situation will be the dominating factors in 
determining the strength of the various bonds. But will the at- 
tention values be purely chance in this second case? It seems 
likely that they will not be entirely so. The bond from c to m 
even though subliminal may reasonably be expected to have a 
certain amount of tendency to attract attention to c. Obviously 
the stronger the original bond between c and m, the greater will 
be this tendency. Such an action if real, would greatly facilitate 
the process. 

If the bond between c and m in the second case is still sub- 
liminal after the reaction is perfected, the process must be re- 
peated until the subliminal bonds accumulate and become liminal, 


‘providing chance does not step in to suddenly shorten the process 


by putting c into a position of special attentional advantage. 

4. Once more let us suppose that c is the significant element of 
the m-series in the first situation, and that the second situation is 
ao hi, o being here the significant element and requiring the 
p-reaction. The major bond a—m formed in the first situation 
will produce the false reaction m, with attendant unpleasantness 
and tendency to weaken the bond. In case a bond o>? has also 
been previously formed, a rivalry will ensue between the reactions 
m and p, with strong tendencies to mutual inhibition. The ex- 
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perimental results indicate that often a prolonged alternation of 
the two reactions will develop, the m-reaction each time resulting 
in unpleasantness. At length it will give place to the p-reaction, 
though often with unexpected relapses. 

5. A third situation appears where the major bond is still be- 
tween m and the irrelevant a, and where the new case contains 
both aandc,asacef. Herea will produce the reaction m, acct- 
dentally correct, and the spurious bond from a to m will be 
strengthened by use as in (2). Sooner or later it must of course 
encounter situations like (3) and (4) in which the a—m bond 
must be destroyed. The difficulties and inhibitions there de- 
scribed presumably will then take place in an aggravated form. 

There thus appears a large element of trial and error in the 
process but not in the conscious or deliberate sense that this 
expression is often understood. 
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XI 
SUMMARY 


We may now briefly summarize the results obtained by the 
various experiments described in the preceding pages. 

1. Evolving concepts by proceeding from the simple to the 
complex in the evolution series yields a substantial advantage 
over proceeding from the complex to the simple, where the ac- 
tivity in each succeeding case is continued until the reaction is 
just established. But by this method much more time is spent 
upon the simple cases of the simple-to-complex method than upon 
the corresponding cases of the complex-to-simple method. When 
the disproportion is partially reduced, the advantage of the 
simple-to-complex method is somewhat decreased; and when the 
disproportion is completely eliminated, the advantage of the 
simple-to-complex method is completely eliminated also. This 
fact, together with the shape of the two curves throughout the 
evolutionary process, indicates that the simpler characters are 
much more efficient in the evolution of concepts than the complex 
ones. There appears to be no advantage in the simple-to-complex 
order merely as such. 

2. Concepts given to the subject directly, the common ele- 
ment concerned never being experienced in its concrete setting, 
shows about the same functional efficiency as concepts evolved 
from the concrete. The ability to define however is about twice 
as great with the former method. The power to define is thus 
in some cases at least a very inadequate index of the functional 
value of a concept. 

3. A combination of abstract presentation and concrete ex- 
amples yields a distinctly greater functional efficiency than either 
method alone. 

4. During the evolution of concepts, mildly attracting atten- 
tion to the common element im situ considerably increases the 
efficiency of the process. The increase is continuous from the 
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beginning of the process as far as it was investigated. But when 
the transition is made from the artificial evolution-material to 
that of the normal test-material the advantage is perceptibly de- 
creased. 

5. Moderate familiarity with each member of an evolution 
series comprising a number of concrete cases is perceptibly more 
efficient than twice as thorough familiarity with half as many 
cases. This advantage appears at the very beginning and per- 
sists at least through the first third of the process, i.e. as far as 
investigated. 

6. Constitutional inferiors, dementia precox subjects and per- 
etics average only about one sixth as rapid progress in evolving 
functional concepts as normals. The ability to define the con- 
cepts was very much poorer than that of the normals of the same 
functional level, it being almost totally lacking. The ability to 
form associations was greatly impaired, though associations once 
formed seem to be as permanent as with normals. 

7. The curve of the evolution of concepts begins with an 

initial period of positive acceleration which goes on to a maxi- 
mum rate after which a period of negative acceleration sets in 
which continues to the end of the process. 
// 8. The individual concepts usually come into consciousness 
very gradually. Erroneous first impressions are either discarded 
or transmuted into the correct form by a continuous develop- 
ment. Trial and error plays, if not a dominating, at least a very 
great role in the process. 

g. A considerable number of quantitative problems involved in 
the evolution of concepts may be conveniently investigated by 
slight modification of the general technique employed with the 
various experiments described in the present study. 





